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ABSTRACT 
 
 
Increased emphasis on aircraft inspection to ensure aviation safety has resulted in 
the need for a better trained workforce of aircraft maintenance personnel. Aircraft 
inspection is mostly visual in nature. Thus it has led to the development of computer 
simulators to train human inspectors performing the inspection task. However, the lack of 
immersion and interaction in such simulators has led to limited effectiveness and 
adoption. Using advances in graphics and virtual reality technology, there is an increase 
the sense of involvement in using these simulators. Though technology is available to 
provide higher levels of immersion, it is expensive. It is not very clear if the higher 
fidelity in virtual reality simulators translate to an increase in the effectiveness of 
training. This research explores the effect of fidelity on presence, perception and 
performance applied to the development of virtual reality aircraft inspection simulators. 
Initially, training simulators are developed at varying levels of fidelity using an 
iterative process evaluating different interfaces. A transfer effects study evaluating the 
effectiveness of the VR training provided at varying levels of fidelity is conducted. This 
research compares the performance of VR trained novice inspectors in an actual aircraft 
inspection task to the performance of novice inspectors receiving traditional classroom 
training. Eight different implementations of the training simulators derived by combining 
two levels of graphic realism with four levels of display interfaces are then evaluated on 
task performance measures, situation awareness and subjective measures of presence and 
workload. 
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CHAPTER ONE 
INTRODUCTION 
Aviation industry needs qualified and proficient aircraft maintenance technicians 
to keep aircraft in peak and safe operating condition, by performing scheduled 
maintenance, making repairs, and completing inspections required by the Federal 
Aviation Administration (FAA). Growth in air traffic, due to anticipated economic and 
population growth, coupled with the need to replace retiring experienced aircraft 
maintenance technicians, are two factors contributing to the strong employment outlook. 
However, the U.S. Department of Labor [2008] also reports that aircraft maintenance 
technicians who are cross-trained and able to work with complex aircraft systems should 
have the best job prospects. Unfortunately, most newly graduated aircraft maintenance 
technicians have not been exposed to complex wide-bodied aircraft maintenance in their 
training due to the inability of programs to realistically create the experience of working 
in complex aircraft maintenance environments. Most schools do not have hangars to 
house such planes; plus, the cost of having a wide-bodied aircraft is prohibitive. Thus, 
students trained via traditional methodology are confronted with on-the-job situations that 
require them to provide quick and correct responses to stimuli in environments where 
they have no previous experience and a situation where inspection and maintenance 
errors can be costly and at times, catastrophic [NTSB, 1998]. A system is needed that 
realistically mimics the complex aircraft maintenance environment for use in the 
education and training of aircraft maintenance technicians. 
In the aircraft maintenance industry, visual inspection forms almost 90% of the 
scheduled maintenance procedure. There are two main steps in visual inspection: 
 1
Identification, meaning the detection of defects in the component under review and 
Decision, implying the action to be taken after identifying a defect. Usually, these 
procedures are performed by the human inspector trained in the identification and 
classification of the defects, either through prior training or on-the-job experience. 
However, on-the-job training (OJT) is time-consuming and an expensive proposition in 
the maintenance industry. Due to the serious consequences associated with missed 
defects, it is essential that the human inspection procedures be as thorough as possible, 
yet take a minimal amount of time. 
The major limitation in providing more practical experience to the students are the 
prohibitive costs associated with obtaining different types of aircraft to train the students. 
Recent research efforts have looked at using technology to close the gap between the 
educational environment and the hangar environment. These efforts generally focused on 
providing technology-based solutions [Latorella et al. 1992; Gramopadhye et al. 1993; 
Gramopadhye et al. 1996 Gramopadhye et al. 1998; Blackmon  and Gramopadhye 1996; 
Nickles et al. 2001] using multimedia or low fidelity simulators to support curriculum 
applications [FAA 1999; FAA 1999; Billman et al. 2001; Hoachlander and Mandel  
2002; Hoff et al. 2001]. The solutions use only two-dimensional sectional images of 
aircraft structures, and therefore, do not provide a holistic view of the complex 
maintenance/inspection environment. To address these limitations, technology 
incorporating interactive three-dimensional (3D) objects has been proposed as a solution. 
Aircraft maintenance technicians must be able to use inspection strategies and must be 
trained in an environment that would expose them to scenarios expected to be 
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encountered in the real world. VR provides an economic, portable and effective solution 
to this need. 
Using VR, complex aircraft inspection and maintenance situations can be 
accurately represented [Vora et al. 2002; Duchowski et al. 2002; Nair et al. 2001; Vora et 
al. 2001; Duchowski et al. 2001] enabling students to experience the real hangar-floor 
environment. Real-world experiences can not be replicated in educational settings, 
because too many different defect scenarios are possible in the world. Through VR, 
students are immersed in real-world scenarios which can be translated into educational 
experiences. By developing several scenarios in which the student must use tools and 
develop motor skills, students can reduce the time in moving from novice to trained 
inspector. The use of VR technology and 3D tools will enable educators to create and 
students to experience the complex aircraft maintenance environment for inspection in an 
educational classroom. Effective and timely feedback, the ability to learn in a familiar 
work environment, and the opportunity to practice, increase the success of learners and 
result in faster transfer and longer retention of newly acquired skills. 
Using VR, the instructor can create various inspection and maintenance scenarios 
by manipulating various parameters reflective of those experienced by a mechanic in the 
aircraft maintenance hangar environment. Furthermore, instructors can use a progressive-
parts approach based on adaptive needs of the student, or instruction can be delivered 
asynchronously based on the availability and schedules of the student. The result is an 
innovative curriculum application, one in which the student will be able to visualize and 
test the information that is presented, internalizing the lesson. 
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Due to advances in the commodity graphics market, the visual realism of the 
simulators has improved considerably. The training simulators vary in realism and degree 
of interaction, from a simple desktop point-and-click version to a fully immersive, virtual 
reality simulator. It was observed that participants who had prior training with training 
simulators performed better in virtual tasks than those who did not [Ferlitsch et al. 2002].  
Some of the factors affecting performance in the simulator are visual realism, 
immersion and interaction constraints. The relative importance of these factors in a 
training scenario are task dependent [Stanney et al. 1998]. In some of the tasks, increased 
visual realism leads to an increased expectation of behavioral realism [Garau et al. 2003]. 
Studies conducted to evaluate the aircraft inspection simulations found a high degree of 
“presence” and correlation between the real world and the simulated environment [Vora 
et al. 2001]. Most of the studies have failed to follow up on the impact of simulator 
training on performance in the real world. Due to the non-uniform experiences of the 
users, as well as the subjective nature of the responses, there have been some 
controversies regarding the appropriateness of using presence in predicting simulator 
effectiveness and user performance [Slater 1999; Usoh et al. 2000]. Though presence is a 
popular parameter for evaluating virtual environments, it has been suggested that the 
evaluation of virtual environments should not be limited to the subjective feeling of being 
transported to a different scenario [Casati and Pasquinelli 2005]. The literature suggests 
various other parameters to be evaluated. It has been shown that there is a trade off 
between the temporal and visual fidelity in virtual simulators [Watson et al 1998]. 
Additionally, there have been very few methods developed to measure the transfer effects 
of training in virtual worlds and their subsequent effect on real-world performance. 
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Haptic illusions have been experienced by participants in virtual environments that have 
been attributed to multimodal interaction among the senses and motor systems [Biocca et 
al. 2002]. This makes it critical to evaluate different modalities of interaction including 
perception and motor functions. The exploitation of the sensorimotor loop enables the 
user to act and to perceive the consequences of his action so as to create connections 
between his movements and his perceptual experiences [Casati and Pasquinelli 2005].  
The development of VR simulators have kept up with the advances in technology 
and there is a tendency to fall into the trap of ‘gold plating’. Simulators are continually 
developed using the latest available technology. Higher fidelity hardware and software 
systems are integrated, to develop the most realistic simulators possible without studying 
the necessity of such high fidelity. This results in the simulators being expensive and 
their benefits are lost since technical colleges and small aviation maintenance firms can’t 
afford to implement such solutions. There is a need to have a selective fidelity [Bradley et 
al 2004] approach to find the trade-offs in using VR simulators for training. 
Representative task under consideration is visual structural inspection of an 
aircraft cargobay/ internal fuselage structure which is a good representation of the pure 
cognitive skill required to perform inspection. 
Three studies are undertaken in this research: 
In the first study, VR simulators are developed at different levels of fidelity 
ranging from a simple desktop based implementation with basic off the shelf components 
to high fidelity simulators using the superior display technology incorporating custom-
built components where required along with intermediate levels of fidelity. Three 
controlled experiments were designed to test different interfaces for aircraft inspection 
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training simulators based on desktop based display, projector based display and Window 
VR based display system.  Participants in the study performed inspection tasks using each 
of the interfaces. The best interface for each level of display condition was identified 
based on ease of use and performance in the inspection task as well as from the 
participants’ responses to subjective questionnaires. 
A transfer effects study (Study 2) was conducted to explore the effectiveness of 
the training delivered using simulators at varying levels of fidelity. Three VR simulators 
– HMD + 3D graphics; Projector + 3D graphics; Projector + 2.5D graphics - combining 
low and high levels of display and graphic fidelity were used to provide aircraft 
inspection training to three groups of aircraft maintenance students. Their performance in 
an actual inspection task was compared to the performance of a fourth (control) group of 
aircraft maintenance students who watched an FAA training video on aircraft inspection. 
The results of this study allowed evaluation of the effectiveness of providing aircraft 
inspection training using VR. 
Based on the results of the initial explorations in Study 1, eight aircraft inspection 
simulators were implemented. The simulators were combinations of four levels of 
interaction modality (desktop, projector, Window VR and HMD) with two levels of 
graphic fidelity (3D and 2.5D graphics. In Study 3, these eight simulators were evaluated 
on presence, perception, workload and task performance of participants performing a in a 
VR based aircraft inspection scenario. The analysis of the results provide insights into the 
interplay of these parameters in the use of virtual reality for training. 
These three studies are reported as stand alone papers as Chapters 4, 5 and 6 in 
this document. 
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CHAPTER TWO 
BACKGROUND 
This section provides a brief overview of aircraft inspection, training and virtual 
reality technology. 
2.1. Aircraft maintenance 
Aviation industries are in need of qualified and technically proficient aircraft 
maintenance technicians. The demand for these technicians far exceeds their supply from 
schools today. Growth in air traffic, due to anticipated economic and population growth, 
coupled with the need to replace retiring experienced aircraft maintenance technicians, 
are two factors contributing to the strong employment outlook [FAA 1993; FAA 1996]. 
Unfortunately, aircraft technical programs and curricula have not kept pace with 
technology changes to the aircraft and the maintenance environment.  Most importantly, 
students do not receive hands-on inspecting experience and, as a result, are not 
adequately prepared for the transition to the workplace. A major limitation has been the 
inability of the programs to create realistically the experience of the complex aircraft 
maintenance environment, especially wide-bodied aircraft. Having a wide-bodied aircraft 
available for training is infeasible for most aircraft maintenance training institutes. 
Further emphasizing the problem, the training provided to students on smaller aircraft 
does not necessarily transfer to wide-bodied aircraft. Students trained via traditional 
methodology are suddenly immersed in high stress situations dealing with environments 
that they have never had any previous experience with. There is a need to develop 
systems that can provide effective exposure to the complex wide body aircraft 
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maintenance hangar floor for use in the aircraft maintenance technology training 
institutes. In response to this need, recent research efforts have looked at closing this gap 
by using technology to bring the complex wide-bodied aircraft maintenance environment 
into the classroom.  
2.2. Visual inspection and training 
Visual inspection by humans is a widely used method for the detection and 
classification of nonconformities in industry. In the aviation industry, sound aircraft 
inspection and maintenance are an essential part of safe and reliable air transportation. 
Aircraft inspection is a complex system with many interrelated human and machine 
components [Drury et al. 1990]. 90% of all aircraft inspection is visual in nature 
conducted by human inspectors [Drury 1991]. Thus it is critical that a high level of 
inspection performance is achieved but human inspection is not 100% reliable [Chin 
1988; Drury 1992]. It is critical to deploy strategies that will reduce human error and 
improve human performance. Human inspectors have the flexibility to adapt to various 
tasks and scenarios and improving their inspection process could increase their 
effectiveness.  
Training has been shown to be effective in improving visual inspection 
performance [Gramopadhye et al. 1997]. Various forms of visual inspection training have 
been investigated to improve aircraft inspection. Inspection training in the aircraft 
industry is predominantly on-the-job training (OJT), where a novice inspector is trained 
by an expert inspector during their inspection of an aircraft. OJT has disadvantages and 
may not be the best form of training for this purpose. For example, OJT does not allow 
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for timely and frequent feedback and it does not offer comprehensive exposure to defect 
scenarios, as the trainee can only see the defects present in the aircraft being inspected.   
The predominant training methods in use are feedback training and feedforward 
training. Embrey [1979] has shown that both knowledge of results (feedback information) 
and cueing (feedforward information) were effective in improving inspection skills, while 
Annett [1966] found that cueing was equivalent to, or better than, knowledge of results. 
Megaw [1979] mentioned feedback and feedforward information as factors affecting 
inspection performance. There has also been evidence presented supporting the use of 
feedforward and feedback training in aircraft inspection [Drury 1991].  
Feedback training, as the name suggests, provides the inspector with information 
on his past performance (e.g., defects missed) or information on the process he adopted 
(process feedback) in different situations. Process feedback has been shown to improve 
search strategy in a simulated two dimensional airframe component inspection task 
[Gramopadhye et al. 1997]. Wickens and Hollands [2000] have suggested that feedback 
is useful for motivation and improving performance while also prescribing the timing for 
providing the knowledge of results. 
Feedforward training provides prior information, such as information on the 
defects present, specific locations of defects, and special strategies. Feedforward training 
has been found to be effective in past studies providing prior information on faults in 
industrial inspection [Sheehan and Drury 1971] and in inspection of symbolic faults 
[McKernan 1989]. 
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Visual search and decision making, the two components of a visual inspection 
process [Drury 1992] are affected by training. Visual search is the first step in a visual 
inspection task and it involves searching for nonconformities in an item. Czaja and Drury 
[1981] have shown improvement in visual search behavior with training.  
Process training in search strategy can be beneficial in making inspectors more 
systematic. Visual search is viewed as either being driven bottom-up by features in the 
visual field or by top-down cognitive processes involving intent or expectation. The 
bottom-up model of visual search describes the process in terms of basic visual features 
that tend to attract visual attention such as color, size, orientation, and/or direction of 
motion [Doll 1993; Wolfe 1993].  The bottom-up model effectively describes low-level, 
involuntary attention and eye movements and forms a powerful basis for computational 
models. Several such models have been developed successfully in recent years [Itti et al. 
1998; Osberger and Maeder 1998]. A bottom-up model of visual search, however, does 
not adequately describe higher-level cognitive functions involved in human vision that 
drive voluntary eye movements. Classic eye tracking research has demonstrated that eye 
movement sequences, or scanpaths, differ with the observer’s strategy (expectations or 
goals) when viewing a scene [Yarbus 1967]. Since this early work, sequential eye 
movements have led to the sequential model of visual attention (and visual search) 
described as a three-stage process: first, information is processed during a fixation; 
second, attention is shifted covertly (without an eye movement) to a parafoveal/peripheral 
scene region (an area outside of the current fixation); third, an eye movement is 
programmed and executed to the newly selected location [Henderson 1992]. During 
visual search, where the eyes (and detailed foveal vision) are moved depends on the 
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saliency of parafoveal/peripheral information [48]. Furthermore, scanpath characteristics, 
such as their order of progression, are task-dependent. Attributes such as fixation 
durations and length of saccades (the fast, brief eye movements from one fixation to the 
next) vary considerably as a function of the particular search task. Visual search studies 
show that fixation durations increase with: (i) the difficulty of discriminating the target 
from surrounding distractors, (ii) the expectation of a target among distractors, (iii) the 
viewer’s use of information conveyed by distractors about the relative location of a 
target, and (iv) hindrance to the opportunity to preview an object before it is fixated 
[Bertera 2000]. Other eye movement research and analysis of search performance has 
shown that humans achieve nearly optimal search performance [Najemnik and Geisler 
2005; Geisler et al 2006], even though humans integrate information poorly across 
fixations. It has been shown that attention improves visual search by increasing the 
response to the target and by excluding distracters [Verghese 2001].  Wolfe et al. [2005] 
state that the error rate in a visual search task increases alarmingly when the targets are 
rare or infrequent. Melloy et al. [2000] have modeled the visual search process in aircraft 
inspection to examine the explicit trade-off between speed and accuracy. 
In practical models of visual inspection, visual search strategy has been 
categorized as either random or purely systematic [Megaw and Richardson 1979]. 
Generally, real world search processes fall in between these two extremes. Megaw and 
Richardson [1979] state that inspection performance increases when the search strategy 
tends more towards systematic, as the inspection coverage is then exhaustive and no 
overlap exists between successive fixations. They also note that the underlying eye 
movements of experienced inspectors are far from random. Schoonard et al. [1973] found 
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that in chip inspection, trained inspectors adopted a better inspection strategy than novice 
inspectors. Kundel and LaFollette [1972] used fixation analysis to determine that 
experienced radiologists used a more systematic strategy while inspecting chest 
radiographs than untrained subjects. It has been shown in the field of radiology that 
providing an expert’s search strategy to a novice can improve the novice’s strategy 
[Kundel and LaFollette 1972]. Wang et al., [1997] showed that search strategy can be 
taught. Graphical cognitive feedback of search strategy has also been shown to enhance 
visual inspection performance [Gramopadhye et al. 1997]. 
2.3. Training design 
Patrick [1992] has identified the training content, the training methods, and the 
trainee as the important constituents of a training program with Drury [1992] adding the 
training delivery system as another component.   Although much has been written about 
designing training systems [Patrick 1992;  Gordon 1994], there is very little focus directly 
on the enhancement of visual inspection skills. Embrey [1979] concludes that for any 
training program to be effective, it should address the following three issues: the attitude 
of the trainee at work, the knowledge required to perform the job, and the specific skills 
required to perform the task. Specific training methods and strategies which can be used 
for inspection training [Drury et al. 1990; Gramopadhye et al. 1997] are described below. 
2.3.1 Pre-training 
Here the trainee is provided with prior information about the objectives and scope 
of the training program. The elaboration theory of instruction [Reigeluth and Stein 1983] 
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prescribes that instruction and training should be imparted initially with a special 
overview that introduces ‘general, simple and fundamental ideas’ before going into 
complex and specific concepts. Pre-training gives the trainee an introduction to the 
training program and facilitates assimilation of new material. During this phase, pretests 
can be used to measure (a) the level at which trainees are entering the program and (b) 
the cognitive or perceptual abilities that can be used later to gauge the training 
performance or progress. 
2.3.2 Feedback training 
It is beneficial to provide a trainee feedback in order to know whether a defect 
was classified correctly or a search pattern was effective. Feedback coupled with an 
attempt to perform the task provides a universal method of improving task performance 
[Weiner 1975] that can be applied to learning facts, concepts, procedures, problem 
solving, cognitive strategies, and motor skills. A training program should begin with 
rapid feedback, which should then be gradually delayed until the “operational level” is 
reached. Providing regular feedback beyond the training session helps to keep the 
inspector calibrated. Gramopadhye et al. [1997] classify feedback as either performance 
or process. Performance feedback for inspection typically consists of information on 
search times, search errors, and decision errors. Process feedback, on the other hand, 
provides the trainee information on the search process, such as areas missed. 
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2.3.3 Active training 
To keep the trainee involved and to help with internalizing the material, an active 
approach is preferred. In such training, the trainee makes an active response after each 
piece of new material is presented, e.g., identifying a fault type. Czaja and Drury [1981] 
used an active training approach, demonstrating its effectiveness in a complex inspection 
task. 
2.3.4 Progressive parts training 
Salvendy and Seymour [1973] successfully applied progressive parts training 
methodology to training industrial skills. In this type of training, small parts of the job are 
taught to criterion, then successively larger sequences until the entire task is taught.  This 
method allows the trainee to understand each element separately as well as the links 
between them, the latter representing a higher level of skill.  
2.3.5 Schema training 
The trainee must be able to generalize the training to new experiences and 
situations. For example, since it is impossible to train the inspector on every site and 
extent of corrosion in an airframe, he needs to develop a schema which will allow him to 
detect and classify it wherever and whenever it occurs. The key to developing schema 
which will allow a correct response in a novel situation is to expose the trainee to 
controlled variability during training. 
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2.3.6 Feedforward training 
It is often necessary to cue the trainee about what should be perceived. When a 
novice inspector tries to find defects in an airframe, the indications may not be obvious. 
The trainee must know what to look for and where to look. Specific techniques within 
cueing include match-to-sample and delayed match-to-sample. Feedforward information 
can take such different forms as physical guidance, demonstrations, and verbal guidance. 
Another training design recommendations is part-task training [Wickens  and 
Hollands 2000, Wickens et al. 2004]. They report that the part-task training can be 
effective if breaking the task into components that draw on different working memory 
subsystems or if they can be independently broken off.  
2.4. Technology to aid aviation inspection training 
With computer technology becoming cheaper, the future will bring an increased 
application of advanced technology in training. Over the past decade, instructional 
technologists have offered numerous technology-based training devices with the promise 
of improved efficiency and effectiveness. Many of these training delivery systems, such 
as computer-aided instruction, computer-based multimedia training, and intelligent 
tutoring systems, are already being used today, ushering in a training revolution. 
In the domain of visual inspection, the earliest efforts to use computers for off-
line inspection training were reported by Czaja and Drury [1981], who used keyboard 
characters to develop a computer simulation of a visual inspection task. Similar 
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simulations have also been used by other researchers to study inspection performance in a 
laboratory setting.  
Since these early efforts, Latorella et al. [1992] and Gramopadhye et al. [1993] 
have used low fidelity inspection simulators with computer- generated images to develop 
off-line inspection training programs for inspection tasks.  Similarly, Drury and Chi 
[1995] studied human performance using a high fidelity computer simulation of a printed 
circuit board inspection while another domain which has seen the application of advanced 
technology is the inspection of X-rays for medical practice.  
Most of the relevant work in using technology in training has focused on 
developing low fidelity simulators for running controlled studies in a laboratory 
environment.  However, research efforts need to be extended in order to take full 
advantage of the current advances in computer technology. Moreover, advanced 
technology has found limited application for inspection training in the aircraft 
maintenance environment. Currently, most of the applications are restricted to complex 
diagnostic tasks in the defense and aviation industries. The message is clear: we need 
more examples of advanced technology applied to training for inspection tasks, examples 
that draw on proven principles of training. 
2.5. Virtual Reality for training 
The use of offline virtual reality (VR) technology has been studied to overcome 
the problems with inspection errors and the limitations of 2D simulators [Duchowski et 
al. 2001, Gramopadhye et al. 2003]. Virtual reality (VR) technology offers a promising 
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approach. It has been shown that in aircraft inspection tasks there are positive transfer 
effects between virtual and real world environments [Vora et al. 2001]. Several studies 
have been conducted in which VR has been used as a medium to provide training in 
aircraft inspection [Nair et al 2001]. Results show that participants have experienced a 
high degree of presence in using the VR simulator developed at Clemson University. In 
addition, the participants who experienced high involvement in the simulator felt that 
these experiences were as natural as the real world ones. Using VR, the research team can 
more accurately represent the complex aircraft inspection and maintenance situation, 
enabling students to experience the real hangar-floor environment. The instructor can 
create various inspection and maintenance scenarios by manipulating various parameters 
reflective of those experienced by a mechanic in the aircraft maintenance hangar 
environment.  As a result, students can inspect airframe structure as they would in the 
real world and initiate appropriate maintenance action based on their knowledge of 
airframe structures and information resources such as on-line manuals, airworthiness 
directives, etc. The trainee can be exposed to the various defect types and locations 
before they move on to the inspection of an actual aircraft. In a VR simulator, the trainee 
can receive performance feedback in an inspection task, during and after the task. Process 
feedback can also be provided to the trainee after the completion of the inspection task. In 
addition to this, feedforward strategies and part-task training strategies can be 
implemented using VR simulators. 
Virtual reality, is most applicably defined as ‘immersive, interactive, multi-
sensory, viewer-centered, three-dimensional computer-generated environments and the 
combination of technologies required to build them’ [Cruz-Neira 1993]. As this definition 
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suggests, creating a virtual environment (VE) requires immersing humans into a world 
completely generated by a computer. The human user becomes a real participate in this 
world, interacting and manipulating virtual objects. For virtual environments, presence, 
the subjective experience of being in one place or environment even when physically 
situated in another, becomes the most important criterion. The success of using VR as a 
tool for training and job aiding, therefore should be highly dependent on the degree of 
presence experienced by the users of the virtual reality environment. 
2.6. Presence 
The degree of immersion has classically been measured by presence. 
Traditionally, presence had been defined as the psychological perception of being 
transported to or existing in a virtual environment [Sheridan 1992; Witmer and Singer 
1998]. Witmer and Singer [1998] define immersion as "a psychological state 
characterized by perceiving oneself to be enveloped by, included in, and interacting with 
an environment that provides a continuous stream of stimuli and experiences" and also 
state that VR environments that are geared towards providing a greater sense of 
immersion will produce higher levels of presence. A different point of view is taken by 
Slater and Wilbur [Slater and Wilbur 1997] who define immersion as "the extent to 
which computer displays are capable of delivering an inclusive, extensive, surrounding, 
and vivid illusion of reality to the senses of the VE participant." They are of the opinion 
that presence is determined by the extent to which VR hardware are capable of recreating 
the physiological sensations of the real world in the virtual world. There are various 
factors that influence presence in a virtual environment. Sadowski, and Stanney, [2002] 
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provide a detailed list of variables that influence presence. Some of the factors that can 
affect performance in the virtual simulator are visual realism, haptics and user and 
interaction constraints, length of exposure and system factors. Slater and Usoh [1993] 
describe system factors as external factors that relate to how well the system replicates 
the real world equivalent. The relative importance of these factors in a training scenario 
are task dependent [Stanney et al. 1998, Swan et al. 2003]. Increased visual realism leads 
to an increased expectation of behavioral realism in some of the tasks [Garau et al 2003]. 
There has been a lack of follow up research on the impact of simulator training on 
performance in the real world. It has been suggested that the evaluation of virtual 
environments should not be limited to the subjective feeling of being transported to a 
different scenario [Casati and Pasquinelli 2005]. The literature suggests various other 
parameters to be evaluated. A trade off between the temporal and visual fidelity has been 
found in virtual simulators [Watson et al. 1998]. The problem with the design of training 
systems using VR is that designers attempt to replicate as many physical and functional 
stimuli as possible in the training device. This leads to the devices getting too expensive 
and there is also the risk of them having higher fidelity on some aspects than others based 
on the available technology that could lead to ineffective simulators. It is thus necessary 
to evaluate the design and carefully determine the extent to which fidelity should be built 
in. Here the concept of selective fidelity [Schricker and Lippe 2004; Andrews et al. 1996] 
can be used which would be more focused on trainee learning requirements than on 
analytical and technological shortcomings. 
In the next chapter we discuss the development of the training scenario and 
simulators used for this research.
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CHAPTER THREE 
DEVELOPMENT OF COGNITIVE SKILL TRAINING SIMULATOR: VIRTUAL 
REALITY CARGOBAY INSPECTION SIMULATOR 
In the series of studies conducted as a part of this research, the aft cargobay of the 
aircraft has been identified as the scenario for providing inspection training since it is rich 
in different defect types. The inspection process involves the inspector visually 
examining the structural elements searching for defects like corrosion or cracks. This is a 
pure cognitive process and the skill to be acquired for this task is search strategy and 
knowledge of defects, their location, and severity. For the purpose of providing training 
for this task, a generic virtual reality simulator based on the cargobay of an L1011 aircraft 
has been developed. In the past, researchers at Clemson University had developed a 
prototype of an aircraft cargobay simulator [Nair et al. 2001; Duchowski et al. 2002] for 
studying the viability of VR as an inspection training tool; henceforth refered to as the 
2.5D cargobay (Figure 3.1). For the purpose of the current research, this simulator was 
further developed for deployment with different display mechanisms: Head Mounted 
Display (HMD), Window VR, Projector, and Desktop. In addition, the scenarios used in 
the simulator have been enhanced in quality. This simulator will form the basis of the low 
fidelity condition for visual realism as the simulator does not provide depth for the 
individual structural elements. For the high fidelity condition for visual realism, a new 
3D simulator (Figure 3.2) was developed. This simulator allows the trainee to perceive 
depth in all the structural elements of the aircraft cargobay. 
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Fig 3.1. Old 2.5D cargobay and the new improved 2.5D cargobay 
 
Fig 3.2. 3D Cargobay 
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Four levels of display modality are provided by four different display devices. 
The devices (Figure 3.3) are as follows: 1. Head Mounted Display (HMD), 2. Window 
VR, 3. Projector, and 4. A regular Desktop LCD screen. 
 
 
 
HMD Window VR Projector LCD Monitor 
Fig 3.3. Display devices 
The simulators developed based on these display devices differ on four 
parameters: The level of visual immersion, the level of interaction immersion, effective 
quality of display and cost. 
Visual immersion is governed by the amount by which the real world is occluded 
from the user and replaced by the virtual world. The HMD provides the highest visual 
immersion. The other displays are similar in visual immersion and significantly inferior 
to the HMD in this aspect. Interaction immersion will depend on how similar/natural 
interacting with the simulator is as compared with performing the task in the real world. 
Here again the HMD has the highest fidelity as the interaction with the environment is 
very natural - look around, walk around, point at defects. The Window VR provides the 
next highest level of interaction immersion as the user moves the ‘window’ in any 
direction they want to look – rotate or move up, down, left or right and touch the defect to 
select. The projector and desktop monitor  are similar in the degree to which they occlude 
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the real world but significantly higher performances have been observed in spatial tasks 
in a projector based environment as compared to the desktop [Bakdash et al. 2006]. The 
effective quality of the display depends on the image quality afforded by the display 
hardware and can be measured by retinal resolution ‘R’. We define retinal resolution as 
the effective resolution available at the retina and can be measured as the ‘dots per visual 
angle’. Hence we see in the Figure 3.4 below that the retinal resolution subtended by the 
desktop and the projector is the same even though the projector is a much larger display. 
All the display devices under consideration have a resolution of 1280x1024 but they may 
differ in retinal resolution depending on the distance of the display from the user. With 
respect to cost of hardware and setup, the HMD would be the most expensive, followed 
by the Window VR, then the projector and the cheapest to implement would be the LCD 
monitor. We can rank the different display interfaces based on fidelity as shown in Table 
3.1. 
In order to develop simulators at different levels of fidelity, we would need to 
evaluate different interfaces and controls for interacting with the simulator. For the HMD, 
the choice of controls would be the natural movement in the environment (walking and 
looking around) and for defect selection, a 6DoF mouse is provided which is used by the 
user as a laser pointer in the environment to point and select defects. As the other display 
environments constrain the user, we need to have interaction devices and controls to 
make a similar level of interaction available to the user. There are many interaction 
possibilities with each device. The studies detailed in the following sections will explore 
interaction devices to be used as control interfaces for each display condition and 
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experimentally evaluate their merits based on task performance and subjective 
questionnaires. 
Table 3.1. Fidelity based ranking of display interfaces 
Display Interface Fidelity 
Parameter HMD Window VR Projector LCD Monitor 
Immersion High Low Low Low 
Interaction High + High Low + Low 
Display quality Control Control Control Control 
Cost High + High Low + Low 
Rank I II III IV 
 
 
Retinal Resolution R = 
V
Fig. 3.4. Retinal Resolution for Desktop and Projector 
Desktop 
1280x10
Projector 
1280x10
1 5’
Eye 
10’
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CHAPTER FOUR  
EVALUATION OF INTERACTION DEVICES FOR VIRTUAL REALITY BASED 
AIRCRAFT INSPECTION TRAINING ENVIRONMENTS 
 
ABSTRACT 
Traditional Aircraft visual inspection training consisted mainly of on-the-job 
training (OJT). While OJT provides novice inspectors with the hands-on 
experience critical to effective transfer, it lacks the ability to provide real-time 
feedback and exposure to various scenarios in which to inspect. 
With advances in technology, computer simulators have been developed to 
train the novice inspector and reduce the learning curve inherent with 
transitioning from the classroom to the workforce. Advances in graphics and 
virtual reality (VR) technology have allowed for an increase the sense of 
involvement in using these simulators. Though these simulators are effective, 
their deployment in aircraft maintenance training schools is limited by the 
high cost of VR equipment. This research investigates the effectiveness of 
different interaction devices for providing simulated aircraft maintenance 
inspection training using VR simulators based on three display conditions: 
Desktop, Projector and Window VR. Based on the results of this study, 
interface recommendations most suitable for the aircraft inspection training 
simulator are provide for each display condition  
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4.1   Introduction 
Human inspection reliability plays an important role in guaranteeing the 
airworthiness of the aircraft fleet. Training has been found to be a useful tool in 
improving the reliability of the human inspector [Nickles et al. 2003; Gramopadhye et al. 
1997; Wang et al. 1997]. Currently, this training consisted mainly of on-the-job training 
(OJT) [Latorella et al., 1992; Walter  2000] though this may not be the best method of 
instruction [Wiener, 1975; FAA, 1991; Chandler 2000; Vora et al, 2002]. With advances 
in technology, computer simulators have been developed to train novice inspectors in 
adopting specific inspection procedures thus reducing the learning curve inherent with 
transitioning from the classroom to the workforce. Using advances in graphics and virtual 
reality technology, there is an increase the sense of involvement experienced in using 
these simulators. Research [Duchowski et al. 2001] conducted at Clemson University has 
investigated the use of virtual reality (VR) for aircraft maintenance inspection training 
and has been successful in demonstrating that there is significant performance 
improvement following training [Sadasivan et al. 2005; Vora et al, 2002; Nair et al. 
2001]. The above mentioned inspection training simulator is immersive and was 
implemented using a head mounted display (HMD) and a 6-DOF mouse interface. 
The development of virtual reality (VR) simulators has kept up with the advances 
in technology and there is a tendency to fall into the trap of ‘gold plating’. This results in 
the technology being expensive to implement, and its benefits lost to colleges and small 
aviation maintenance firms. There is a need to have a selective fidelity approach to find 
the trade-offs in using VR simulators for training. As a first step to address this problem, 
current research evaluates the level of presence experienced by participants performing a 
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visual inspection task using a VR cargo-bay simulator at different levels of immersion 
ranging from complete immersion using a HMD (Head Mounted Display) to a very low 
level of immersion using a basic desktop. As a part of this study, different interfaces need 
to be developed for the simulator for the different levels of immersion fidelity conditions 
to find the best interface for each display condition. This research investigates user 
interaction with the VR simulator for four display conditions: HMD, Window VR, 
projector, and desktop and tests the effectiveness of different interfaces for providing 
simulated aircraft maintenance inspection training. 
 
4.2   Background 
The aviation industry needs qualified and proficient aircraft maintenance 
technicians to keep aircraft in peak and safe operating condition, by performing 
scheduled maintenance, making repairs, and completing inspections required by the 
Federal Aviation Administration (FAA). Growth in air traffic, due to anticipated 
economic and population growth, coupled with the need to replace retiring experienced 
aircraft maintenance technicians, are two factors contributing to the strong employment 
outlook [FAA, 1993, 1996]. Unfortunately, aircraft technical programs and curricula have 
not kept pace with technology changes to the aircraft and the maintenance environment.  
Most importantly, students do not receive hands-on inspecting experience and, as a result, 
are not adequately prepared for the transition to the workplace. A major limitation has 
been the inability of the programs to create realistically the experience of the complex 
aircraft maintenance environment, especially wide-bodied aircraft. Most schools do not 
have hangars to house such planes and the cost of having a wide-bodied aircraft is 
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prohibitive.  Further emphasizing the problem, the training provided to students on 
smaller aircraft does not necessarily transfer to wide-bodied aircraft. Thus, students 
trained via traditional methodology are confronted with on-the-job situations that require 
them to provide quick and correct responses to stimuli in environments where they have 
no previous experience and a situation where inspection and maintenance errors can be 
costly and at times, catastrophic [NTSB, 1998]. A system is needed that realistically 
mimics the complex aircraft maintenance environment for use in the education and 
training of aircraft maintenance technicians. In response to this need, recent research 
efforts have looked at closing this gap by using technology to bring the complex wide-
bodied aircraft maintenance environment into the classroom.  
Visual inspection by humans is a widely used method for the detection and 
classification of nonconformities in industry. In the aviation industry, sound aircraft 
inspection and maintenance are an essential part of safe and reliable air transportation. 
Aircraft inspection is a complex system with many interrelated human and machine 
components [Drury, 1990]. 90% of all aircraft inspection is visual in nature conducted by 
human inspectors [Drury, 1991]. Thus it is critical that a high level of inspection 
performance is achieved but human inspection is not 100% reliable [Chin, 1988, Drury, 
1992]. It is critical to deploy strategies that will reduce human error and improve human 
performance. Human inspectors have the flexibility to adapt to various tasks and 
scenarios and improving their inspection process could increase their effectiveness.  
Training has been shown to be effective in improving visual inspection 
performance [Gramopadhye, 1997]. With computer technology becoming cheaper, the 
future will bring an increased application of advanced technology in training. Many of 
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these training delivery systems, such as computer-aided instruction, computer-based 
multimedia training, and intelligent tutoring systems, are already being used today. 
In the domain of visual inspection, the earliest efforts to use computers for off-
line inspection training were reported by Czaja and Drury [1981], who used keyboard 
characters to develop a computer simulation of a visual inspection task. Since these early 
efforts, low fidelity inspection simulators with computer- generated images have been 
used to develop off-line inspection training programs for inspection tasks [Gramopadhye, 
1993].  Similarly, human performance using a high fidelity computer simulation of a 
printed circuit board inspection has been studied [Drury and Chi, 1995] while another 
domain which has seen the application of advanced technology is radiology.  
However, advanced technology has found limited application for inspection 
training in the aircraft maintenance environment. Currently, most of the applications are 
restricted to complex diagnostic tasks in the defense and aviation industries. The message 
is clear: we need more examples of advanced technology applied to training for 
inspection tasks, examples that draw on proven principles of training. 
The use of offline virtual reality (VR) technology has been studied to overcome 
the problems with inspection errors and the limitations of 2D simulators [Duchowski et 
al. 2001]. Virtual reality (VR) technology offers a promising approach. It has been shown 
that in aircraft inspection tasks there are positive transfer effects between virtual and real 
world environments [Vora et al. 2001]. In addition, the participants who experienced high 
involvement in the simulator felt that these experiences were as natural as the real world 
ones. Using VR, the research team can more accurately represent the complex aircraft 
inspection and maintenance situation, enabling students to experience the real hangar-
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floor environment. The instructor can create various inspection and maintenance 
scenarios by manipulating various parameters reflective of those experienced by a 
mechanic in the aircraft maintenance hangar environment.  As a result, students can 
inspect airframe structure as they would in the real world and initiate appropriate 
maintenance action based on their knowledge of airframe structures and information 
resources such as on-line manuals, airworthiness directives, etc. The trainee can be 
exposed to the various defect types and locations before they move on to the inspection 
of an actual aircraft. In a VR simulator, the trainee can receive performance feedback in 
an inspection task, during and after the task. Process feedback can also be provided to the 
trainee after task completion. 
For virtual environments, presence, the subjective experience of being in one 
place or environment even when physically situated in another, becomes the most 
important criterion. The success of using VR as a tool for training and job aiding 
therefore should be highly dependent on the degree of presence experienced by the users 
of the virtual reality environment. The problem with the design of training systems using 
VR is that designers attempt to replicate as many physical and functional stimuli as 
possible in the training device. This leads to the devices getting too expensive and there is 
also the risk of them having higher fidelity on some aspects than others based on the 
available technology that could lead to ineffective simulators. The higher fidelity in 
control interfaces can add additional workload that may be detrimental to task 
performance and learning. It is thus necessary to evaluate the design and carefully 
determine the extent to which fidelity should be built in. Here the concept of selective 
fidelity [Schricker and Lippe, 2004; Andrews et al. 1996] can be used which would be 
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more focused on trainee learning requirements than on analytical and technological 
shortcomings. 
 
4.3   User interaction 
There are two key control aspects which must be considered for interaction with 
the simulator: the first is the user’s ability to change view and the second is his ability to 
select targets. The navigation within the environment can be further defined as 
controlling orientation (look up/down and left/right) and position (step forward/back and 
sidestep left/right). Target acquisition involves pointing at the defect and selecting. 
The highest fidelity display condition under investigation is the HMD (Head 
Mounted Display) and it affords the most natural interaction with the cargobay training 
scenario. In the HMD-based VR simulator, the view was mapped to the position and 
orientation of a 6DOF tracker attached to the HMD and the user manipulated his view of 
the environment by naturally walking and looking around in the environment. 
Additionally, the trainee selected defects by pointing a cursor controlled by a hand held 
6-DOF mouse and clicking a button to register the selection. Due to the limited range 
afforded by the HMD for walking, the user could move forward and backwards in the 
environment using two additional buttons on hand held 6-DOF mouse. 
The three other display conditions, the Window VR, projector and the desktop 
allow for different interactions with the simulator. To identify the most suitable interface 
for each of the above display conditions, it is necessary to develop and evaluate the 
different interfaces. This research looks at the effect of the different interfaces on task 
performance and presence in a virtual reality aircraft inspection training simulator 
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developed for the desktop based display, the projector based display and the Window VR 
based display. 
 
4.4   Desktop-based VR simulator 
Three user interfaces were developed iteratively based on initial user studies and 
evaluated for the desktop based VR simulator. The interfaces were based on a gamepad 
controller, a joystick with a touch screen and a keyboard with a mouse. 
 
4.4.1   Participants 
This study used 9 volunteers from Clemson University as participants. The age of 
the participants ranged from 22 to 36 years. They were screened for visual acuity (20/20 
natural or corrected) and color vision. It has been demonstrated [Gallawey and Drury 
1986] that student subjects can be used in lieu of industrial inspectors. 
 
4.4.2   Stimulus material and equipment 
There are two key control aspects which must be considered for interaction with 
the simulator: the first is the user’s ability to change view and the second is his ability to 
select targets. In the HMD (Figure 4.1) based VR simulator, the trainee manipulates his 
view of the environment by naturally walking and looking around in the environment. 
Additionally, the trainee selected defects using a cursor controlled by a hand held 6-DOF 
mouse. In the desktop-based VR simulator, the trainee’s position and orientation is fixed 
(facing the monitor) and the view is limited to the display on the screen. To manipulate 
the environment in the desktop-based VR, the trainee must consciously change the view.  
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The principal hardware components are described as follows. A 1024x768 
resolution 19” monitor, displaying the VR environment approximately 20” in front of the 
participant was used. The simulator is launched on a 1.5GHz dual Xeon processor Dell 
personal computer with an NVidia GeForce 6800 Ultra graphics card, running the Linux 
(Fedora Core 4) operating system. 
The first interface was based on the Gravis Eliminator Pro gamepad (GP) (Figure 
4.2) which has a directional D-pad joystick and 10 buttons gamepad controller. The 
buttons 1-4 on the gamepad were used to control the motion of the user – step left, right, 
front and back - which can be compared to walking in the VR environment. This control 
was available at all times. The manipulation of the D-pad joystick was used to change the 
view of the environment – rotate left, right, up or down - relative to the original view. 
The participant selected defects by aligning the targeting cursor with the defect and 
pressing button 5 on the gamepad. The joystick was overloaded to provide both 
orientation and targeting information. The user would have to switch between using the 
joystick to change the view of the environment and controlling the cursor to target defects 
on the screen. This was accomplished by having the participant depress button 6 to toggle 
between the orientation and targeting control. 
The second interface (JS) was based on a joystick and a touch screen. The 
orientation was controlled by the joystick while the position was controlled using four 
buttons on the joystick. Users could select defects by touching them on the screen. 
The third interface was based on the keyboard and mouse (KM). The keyboard 
was used for position control mapped to either the arrow keys or the WASD keys. The 
mouse was overloaded to provide both orientation and targeting information. The user 
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selected defects by aligning the targeting cursor with the defect and pressing the left click 
button on the mouse.  The user had to switch between using the mouse to change the 
view of the environment and controlling the cursor to target defects on the screen. This 
was accomplished by having the participant depress the right click button on the mouse to 
toggle between the orientation and targeting control. 
 
 
  
Figure 4.1. HMD Figure 4.2. Gravis gamepad Figure 4.3. FOB tracker 
 
  
Figure 4.4. Aft cargo bay Figure 4.5. Familiarization scenario 
 
The scenarios used in this study are variations of a virtual reality model of an 
aircraft aft cargo bay similar to the one in a Lockheed L1011 aircraft (Figure 4.4).  
Five variants of the cargo bay scenario were used for this study. A familiarization 
scenario (Figure 4.5) with the different types of defects highlighted was used to 
familiarize participants with virtual reality and to allow them to become accustomed to 
the cargo bay environment. This scenario also highlighted examples of the five different 
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types of defects used in the study: crack, corrosion, broken electrical conduit, abrasion 
and hole. 
The second scenario was the selection training scenario (Figure 4.6) where the 
trainee could get acclimated to the control interface and practice manipulating their view 
in the environment. This scenario also displayed various targets in the cargobay 
environment which the participants could practice selecting defects using the defect 
selection mechanism. 
 
  
Figure 4.6.  Selection training scenario Figure 4.7.  Inspection task scenario 
 
Participants performed the inspection task using three additional multiple defect 
inspection scenarios. These scenarios (Figure 4.7) were constructed to be equivalent in 
task difficulty (identical distribution of defect types and similar locations) and contained 
twenty-five defects of the five above-mentioned types. 
 
4.4.3   Procedure 
The participants were first asked to complete a consent form, a demographic 
questionnaire, and given instructions to ensure their understanding of the experiment. All 
the participants were then immersed in the familiarization scenario to familiarize them 
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with VR, the cargo bay environment, and the different types of defects. This was 
followed by introducing the participant to the control mechanism followed by a two 
minute manipulation and defect selection practice scenario with the first interface. They 
were then asked to perform an inspection task in a multiple defect environment using the 
same interface.  The task involved the participants searching for defects in the virtual 
inspection scenario. Once they found a defect, they marked it in the scenario by using the 
target selection mechanism. If the selection was correct, the defect was then highlighted 
in red. The task was timed and limited to 5 minutes. A subjective questionnaire was 
administered after completion of the task. This process of defect selection training, 
performance of an inspection task, and administration of the questionnaire was continued 
until each participant had used all three interfaces. The orders in which the participant 
encountered each of the three interfaces and each of the three multiple defect inspection 
scenarios were counterbalanced using 3x3 diagram balanced Latin squares to insure that 
potential carryover effects did not confound the results. 
The questionnaires used for evaluating the participant’s perceptions of the 
interfaces and the training environment were recorded on a 5 point Likert Scale, with 1 
being strongly disagree, 5 being strongly agree, and 3 being neutral. A majority of the 
questions dealt with the perceived ease of use of the interface for navigation within the 
virtual environment based on the Witmer Singer (1998) presence questionnaire as well as 
the interaction capabilities or short-comings of either of the input devices for defect 
selection. In addition questions assessing the workload requirements for the task were 
also included. The results of the data collected are presented in the next section. 
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4.4.4 Results 
4.4.4.1 Performance measures 
The number of defects selected using each interface for the inspection task 
(Appendix A1) was recorded and the results were analyzed initially using an ANOVA 
(Appendix A2) using the PROC GLM procedure in SAS V9. There was a significant 
difference (p<0.0122) found between the three interface conditions for the number of 
correct defect selections (Hits) (Figure 4.8). On further examination using the LSD 
procedure (Appendix A3) for multiple comparisons, it was found that fewer defects were 
detected using the gamepad (mean = 17.56) compared to both the joystick-touchscreen 
(mean = 20.89) and keyboard-mouse (mean =  21.22) conditions. There was no 
significant difference in the number of hits for the joystick-touchscreen and keyboard-
mouse interfaces. 
Mean Inspection Performance (Hits)
0
5
10
15
20
25
Gamepad Joystick/Touchscreen Keyboard/Mouse
 
Figure 4.8 Mean inspection performance for desktop interface 
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4.4.4.2 Subjective measures 
The subjective questionnaire (Table 4.1) was administered after each interface 
condition. The scores (Appendix A4) were analyzed for each question using the 
Friedman Test (Appendix A5) on the interfaces blocking on the participants. Then (if 
significant) a multiple comparison LSD procedure was used to compare the pairs of 
means. The only significant difference between the three interface conditions was 
detected for questions 21 (p=0.015). The LSD procedure (Appendix A6) revealed that the 
response for the keyboard mouse condition (mean score = 4.0) was significantly better 
than for the gamepad condition (mean score = 3.22). 
4.4.5   Discussion 
The keyboard-mouse and joystick-touchscreen interfaces allowed the participants 
to perform inspection tasks significantly better compared to the gamepad interface. The 
participants also perceived that the keyboard-mouse interface allowed them to be 
successful in accomplishing the goals of the task as compared to the gamepad interface. 
The gamepad controls had the D-pad joystick overloaded to provide both orientation and 
targeting information. The user had to switch between using the joystick to change the 
view of the environment and controlling the cursor to target defects on the screen using 
the toggle button. The added cognitive workload may explain the lower performance in 
the inspection tasks. In case of the joystick-touch screen interface, the users had to reach 
to touch screen to select defects and get back to the joystick to operate the position 
control buttons. In case of the keyboard-mouse interface the users could use the mouse to 
control the floating cursor combined 
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Table 4.1. Subjective Questionnaire 
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1 The environment was responsive to actions that I initiated. 4.44 4.33 4.78 NS
2 The interactions with the environment seemed natural. 3.22 4.11 3.78 NS
3 I was involved by the visual aspects of the environment. 3.89 4.11 4.11 NS
4 The mechanism which controlled movement through the 
environment seemed natural. 3.22 4.00 4.11 NS
5 I was able to anticipate what would happen next in response 
to the actions that I performed. 3.56 4.33 4.44 NS
6 I could examine objects from multiple viewpoints. 4.44 4.33 4.44 NS
7 I was involved in the simulated inspection experience.  4.00 4.33 4.22 NS
8 The control mechanism was distracting.  3.33 2.44 2.44 NS
9 There was no delay between my actions and expected 
outcomes.  4.56 4.56 4.78 NS
10 I adjusted quickly to the interface used for the virtual 
environment experience.  3.11 3.78 4.22 NS
11 I feel proficient in moving and interacting with the virtual 
environment using this interface. 3.11 4.00 4.22 NS
12 I could effortlessly manipulate the mechanism for defect 
selection in the virtual environment.  3.22 3.89 4.11 NS
13 It was easy for me to select defects using this interface. 3.33 4.56 4.33 NS
14 The control devices interfered with performing the task.  2.56 2.44 2.67 NS
15 I could concentrate on the task rather than on the mechanisms 
used to perform the task. 3.22 3.67 4.33 NS
16 I would personally prefer this interface for inspection training 
using virtual reality.  3.00 3.56 3.44 NS
17 The mental and perceptual activity required (e.g., thinking, 
deciding, calculating, remembering, looking, searching, etc.) 
was very high.  
2.67 1.67 2.22 NS
18 The physical activity required (e.g., pushing, pulling, turning, 
controlling, activating, etc.) was very high.  1.89 2.33 1.44 NS
19 I felt pressured for time due to the rate or pace at which the 
tasks or task elements occurred. 2.11 1.78 1.78 NS
20 I had to work (mentally and physically) very hard to 
accomplish my level of performance.  2.44 2.00 1.56 NS
21 I think I was successful in accomplishing the goals of the 
task.  3.22 4.11 4.00 S 
22 I felt frustrated (insecure, discouraged, irritated, stressed and 
annoyed versus secure, gratified, content, relaxed and 
complacent) during the task.  
2.11 1.89 2.11 NS
Scores reported on 5 point Likert scale. 
S = Significant           NS = Not Significant 
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with changing the orientation or disable the orientation control to use the cursor control 
exclusively. The users preferred to use the combined control for the task similar to the 
controls in ‘first person shooter’ games. The users perceived these controls to be more 
efficient compared to the gamepad which was also reflected in the performance scores for 
the inspection task. 
 
4.5  Projector-based VR simulator 
Three user interfaces were developed and evaluated for the projector based VR 
simulator. The interfaces were variants of the gamepad controller. 
 
4.5.1   Participants 
This study used 12 volunteers from Clemson University as participants. The age 
of the participants ranged from 22 to 36 years. They were screened for visual acuity 
(20/20 natural or corrected) and color vision. 
 
4.5.2   Stimulus material and equipment 
In the projector-based VR simulator, the user’s position and orientation is fixed 
(facing the screen) and the view is limited to the display on the screen. To manipulate the 
environment in the projector-based VR, the user must consciously change the view 
similar to the desktop condition. The difference in the projector based condition is that 
the user is standing in front of the screen as opposed to being seated in front of the 
desktop monitor. 
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The principal hardware components are described as follows. A 1024x768 
resolution projector, displaying the VR environment approximately 10” in front of the 
participant was used. The simulator is launched on a 1.5GHz dual Xeon processor Dell 
personal computer with an NVidia GeForce 6800 Ultra graphics card, running the Linux 
(Fedora Core 4) operating system. 
The first interface (FF) was based on the Gravis Eliminator Pro gamepad 
integrated with a Flock of Birds (FOB) tracker (Figure 4.3). In this interface, the 
orientation information was streamed from the Flock of Birds (FOB) tracker and the 
manipulation of the gamepad was used to change the view of the environment.  Rotating 
the gamepad left, right, up or down caused the orientation to rotate left, right, up or down 
relative to the original view. In this interface, position (step front/back and left/right) was 
controlled by the D-pad joystick. The cursor was fixed at the center of the screen and 
defects were selected by aligning the cursor with the defect and depressing buttons 7/8. 
Depressing buttons 5/6 freezes the orientation and when depressed again, the orientation 
control is activated mapping the current position of the gamepad to the orientation of the 
scenario thus allowing for the user to correct uncomfortable positions while using the 
gamepad. 
The second interface (FC) is similar to the first except that the user has control of 
the cursor independent of the orientation and position. The orientation information was 
streamed from the Flock of Birds (FOB) tracker and the manipulation of the gamepad 
was used to change the view of the environment. In this interface, position (step 
front/back and left/right) was controlled by using buttons 1-4, the cursor was controlled 
by the the D-pad joystick and defects were selected by aligning the cursor with the defect 
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and depressing buttons 7/8. Depressing buttons 5/6 freezes the orientation allowing for 
the user to correct position while using the gamepad. 
The third interface (XP) used the Microsoft XPAD controller with a D-pad and 
two thumb-stick controllers. Position (step front/back and left/right) was controlled by 
using the D-pad controller while the cursor and orientation were controlled by using the 
left and right thumb-stick controllers respectively. Defects were selected by aligning the 
cursor with the defect and depressing button 7/8. 
The scenarios used in this study are variations of a 3D virtual reality model of an 
aircraft aft cargo bay similar to the one in a Lockheed L1011 aircraft (Figure 4.4).  
Four variants of the 3D cargo bay scenario were used for this study. A 
familiarization and training scenario (Figure 4.9) with the different types of defects 
highlighted was the first scenario. The purpose of this scenario is to familiarize 
participants with virtual reality and to allow them to become accustomed to the cargo bay 
environment. This scenario also presents highlighted examples of the six different types 
of defects used in the study. Defect types are crack, corrosion, abrasion, foreign object, 
missing rivet/bolt and hole. In addition the scenario was also the selection training 
scenario where the trainee could get acclimated to the control interface and practice 
manipulating their view in the environment. This scenario also displayed various targets 
in the cargobay environment which the participants could practice using the defect 
selection mechanism. 
Participants performed the inspection task using three additional multiple defect 
inspection scenarios. These scenarios (Figure 4.10) were constructed to be equivalent in  
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Figure 4.9.  Selection training scenario  Figure 4.10.  Inspection task scenario 
 
task difficulty (identical distribution of defect types and similar locations) and contain 
thirty-six defects of the six above-mentioned types. 
 
4.5.3   Procedure 
The participants were first asked to complete a consent form, a demographic 
questionnaire, and given instructions to ensure their understanding of the experiment. All 
the participants were then immersed in the familiarization and training scenario to 
familiarize them with VR, the cargo bay environment, and the different types of defects. 
This was followed by introducing the participant to the control mechanism followed by a 
two minute manipulation and defect selection practice with the first interface. They were 
then asked to perform an inspection task in a multiple defect environment using the same 
interface.  The task involved the participants searching for defects in the virtual 
inspection scenario. Once they found a defect, they marked it in the scenario by using the 
target selection mechanism. If the selection was correct, the defect was then highlighted 
in red. The task was a paced task limited to 7 minutes. A subjective questionnaire was 
administered after this. This process of defect selection training followed by the 
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inspection task followed by the questionnaire was then performed by the participants with 
the second interface and so on for all three interfaces. The order in which the participant 
encountered each of the interfaces was counterbalanced. One of the multiple defect 
inspection scenarios were presented for each inspection task. The three multiple defect 
inspection scenarios were counterbalanced to assure that the inspection task was 
performed an equal number of times in each of the task scenarios for each interface 
condition. 
The questionnaire used for evaluating the participant’s perceptions of the 
interfaces and the training environment was identical to the questionnaire used in the 
desktop interface evaluation study. The results of the data collected are presented in the 
next section. 
 
4.5.4   Results 
4.5.4.1 Performance measures 
The number of correctly identified defects using each interface for the inspection 
task was recorded (Appendix B1) and the results were analyzed initially using an 
ANOVA using the PROC GLM procedure in SAS V9. There was no significant 
difference (Appendix B2) found between the three interface conditions for the number of 
correct defect selections (Hits).  
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Table 4.2. Mean Scores on Subjective Questionnaire FF FC XB 
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1 The environment was responsive to actions that I initiated. 4.50 4.58 4.08 NS
2 The interactions with the environment seemed natural. 3.42 3.92 3.83 NS
3 I was involved by the visual aspects of the environment. 4.50 4.17 4.25 NS
4 The mechanism which controlled movement through the 
environment seemed natural. 3.42 2.92 3.83 NS
5 I was able to anticipate what would happen next in response 
to the actions that I performed. 4.17 4.08 3.67 NS
6 I could examine objects from multiple viewpoints. 4.25 4.08 4.25 NS
7 I was involved in the simulated inspection experience.  4.33 4.33 4.25 NS
8 The control mechanism was distracting.  2.58 2.92 2.67 NS
9 There was no delay between my actions and expected 
outcomes.  3.83 3.75 4.08 NS
10 I adjusted quickly to the interface used for the virtual 
environment experience.  4.33 3.42 3.92 NS
11 I feel proficient in moving and interacting with the virtual 
environment using this interface. 3.75 3.25 4.25 NS
12 I could effortlessly manipulate the mechanism for defect 
selection in the virtual environment.  3.75 2.83 3.67 NS
13 It was easy for me to select defects using this interface. 3.92 3.83 4.00 NS
14 The control devices interfered with performing the task.  2.25 3.08 2.33 NS
15 I could concentrate on the task rather than on the mechanisms 
used to perform the task. 3.92 3.67 4.00 NS
16 I would personally prefer this interface for inspection training 
using virtual reality.  3.33 3.25 3.67 NS
17 The mental and perceptual activity required (e.g., thinking, 
deciding, calculating, remembering, looking, searching, etc.) 
was very high.  
2.67 3.00 3.17 NS
18 The physical activity required (e.g., pushing, pulling, turning, 
controlling, activating, etc.) was very high.  2.58 2.83 2.17 NS
19 I felt pressured for time due to the rate or pace at which the 
tasks or task elements occurred. 2.42 2.25 2.25 NS
20 I had to work (mentally and physically) very hard to 
accomplish my level of performance.  2.58 2.83 2.50 NS
21 I think I was successful in accomplishing the goals of the 
task.  3.92 3.67 3.92 NS
22 I felt frustrated (insecure, discouraged, irritated, stressed and 
annoyed versus secure, gratified, content, relaxed and 
complacent) during the task.  
1.92 2.42 2.25 NS
Scores reported on 5 point Likert scale. 
S = Significant           NS = Not Significant 
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 4.5.4.2   Subjective measures 
The subjective questionnaire (Table 4.2) was administered after each interface 
condition. The scores (Appendix B3) were analyzed for each question using the Friedman 
Test on the interfaces blocking on the participants. There was no significant difference 
(Appendix B4) between the three interface conditions for any question. 
 
4.5.5   Discussion 
The three interfaces for the projector based inspection training simulator were not 
found to be different in performance or subjective measures. Based on initial user studies 
with a variety of off-the-shelf interaction devices ranging from a joystick and keyboard-
mouse to the Nintendo Wii controller, the gamepad based interfaces were found to be the 
most suitable. The Flock of Birds (FOB) based controllers require significant investment 
compared the X-Box controller. The X-Box controller with independent controls for 
position, orientation and cursor control was equivalent to the FOB based controllers in 
spite of the user having to shift their thumb between the position (D-Pad) and cursor 
control (thumb stick) functions. 
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4.6 Window VR based simulator 
Two user interfaces were developed and evaluated for the Window VR based 
simulator.  
 
4.6.1   Participants 
This study used 10 volunteers from Clemson University as participants. The age 
of the participants ranged from 22 to 36 years. They were screened for visual acuity 
(20/20 natural or corrected) and color vision. 
 
4.6.2   Stimulus material and equipment 
The Window VR consists of a touch screen monitor (window) integrated with a 
Flock of Birds (FOB) tracker that is suspended. The user can orient the touch screen in 
any direction. Both the interfaces for the Window VR simulator had the orientation 
information (turn left, right, up or down) mapped to the orientation of the screen and the 
position (step front/back and left/right) was controlled by D-pad controllers attached to 
the grasps for the screen. The two interfaces differed in defect selection controls. 
In the first interface, Window VR touch (WVRT), the user selects defects by 
touching the defect on the screen. In the second interface, Window VR point (WVRP), 
there is a fixed cursor at the center of the screen that the user aligns with the defect in the 
scenario and depresses a button on the control grasps. 
The scenarios used in this study are variations of a 3D virtual reality model of an 
aircraft aft cargo bay similar to the one in a Lockheed L1011 aircraft (Figure 4.4).  
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Three variants of the 3D cargo bay scenario were used for this study. A 
familiarization and training scenario (Figure 4.11) with the different types of defects 
highlighted was the first scenario. The purpose of this scenario is to familiarize 
participants with virtual reality and to allow them to become accustomed to the cargo bay 
environment. This scenario also presents highlighted examples of the six different types 
of defects used in the study. Defect types are crack, corrosion, abrasion, foreign object, 
missing rivet/bolt and hole. In addition the scenario was also the selection training 
scenario where the trainee could get acclimated to the control interface and practice 
manipulating their view in the environment. This scenario also displayed various targets  
  
Figure 4.11.  Selection training scenario Figure 4.12.  Inspection task scenario 
 
in the cargobay environment which the participants could practice selecting using the 
defect selection mechanism. 
Participants perform the inspection task using two additional multiple defect 
inspection scenarios. These scenarios (Figure 4.12) were constructed to be equivalent in 
task difficulty (identical distribution of defect types and similar locations) and contain 
thirty-six defects of the six above-mentioned types. 
 
 57
4.6.3   Procedure 
The participants were first asked to complete a consent form, a demographic 
questionnaire, and given instructions to ensure their understanding of the experiment. All 
the participants were then immersed in the familiarization and training scenario to 
familiarize them with VR, the cargo bay environment, and the different types of defects. 
This was followed by introducing the participant to the control mechanism followed by a 
two minute manipulation and defect selection practice with the first interface. They were 
then asked to perform an inspection task in a multiple defect environment using the same 
interface.  The task involved the participants searching for defects in the virtual 
inspection scenario. Once they found a defect, they marked it in the scenario by using the 
target selection mechanism. If the selection was correct, the defect was then highlighted 
in red. The task was a paced task limited to 7 minutes. A subjective questionnaire was 
administered after this. This process of defect selection training followed by the 
inspection task followed by the questionnaire was then performed by the participants with 
the second interface. The order in which the participant encountered each of the 
interfaces was counterbalanced. One of the multiple defect inspection scenarios were 
presented for each inspection task. The two multiple defect inspection scenarios were 
counterbalanced to assure that the inspection task was performed an equal number of 
times in each of the task scenarios for each interface condition. 
The questionnaire used for evaluating the participant’s perceptions of the 
interfaces and the training environment was identical to the questionnaire used in the 
desktop interface evaluation study. The results of the data collected are presented in the 
next section. 
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Table 4.3. Mean scores for Subjective Questionnaire 
W
V
R
T 
W
V
R
P 
Fr
ie
dm
an
 T
es
t 
1 The environment was responsive to actions that I initiated. 4 4.6 NS 
2 The interactions with the environment seemed natural. 4.1 4.4 NS 
3 I was involved by the visual aspects of the environment. 4.4 4.7 NS 
4 The mechanism which controlled movement through the 
environment seemed natural. 3.4 4 S 
5 I was able to anticipate what would happen next in response to 
the actions that I performed. 3.9 4.7 S 
6 I could examine objects from multiple viewpoints. 4.6 4.9 NS 
7 I was involved in the simulated inspection experience.  4 4.6 S 
8 The control mechanism was distracting.  2.8 1.9 S 
9 There was no delay between my actions and expected 
outcomes.  3.8 4.4 NS 
10 I adjusted quickly to the interface used for the virtual 
environment experience.  4 4.7 S 
11 I feel proficient in moving and interacting with the virtual 
environment using this interface. 3.6 4.4 S 
12 I could effortlessly manipulate the mechanism for defect 
selection in the virtual environment.  2.9 4.1 S 
13 It was easy for me to select defects using this interface. 2.7 4.6 S 
14 The control devices interfered with performing the task.  3.2 2.2 S 
15 I could concentrate on the task rather than on the mechanisms 
used to perform the task. 3.5 4.4 S 
16 I would personally prefer this interface for inspection training 
using virtual reality.  3.2 4.6 S 
17 The mental and perceptual activity required (e.g., thinking, 
deciding, calculating, remembering, looking, searching, etc.) 
was very high.  
3.1 2 S 
18 The physical activity required (e.g., pushing, pulling, turning, 
controlling, activating, etc.) was very high.  4.1 3.3 NS 
19 I felt pressured for time due to the rate or pace at which the 
tasks or task elements occurred. 2.2 1.6 S 
20 I had to work (mentally and physically) very hard to 
accomplish my level of performance.  3.3 2.6 S 
21 I think I was successful in accomplishing the goals of the task. 3.9 4.6 S 
22 I felt frustrated (insecure, discouraged, irritated, stressed and 
annoyed versus secure, gratified, content, relaxed and 
complacent) during the task.  
2.5 1.6 S 
Scores reported on 5 point Likert scale. 
S = Significant           NS = Not Significant 
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4.6.4   Results 
4.6.4.1 Performance measures 
The number of defects selected using each interface for the inspection task was 
recorded (Appendix C1) and the results were analyzed using an ANOVA using the 
PROC MIXED procedure (Appendix C2) in SAS V9. There was a significant difference 
(p<0.05) found between the two interface conditions for the number of correct defect 
selections (Hits). The WVRT condition had better performance scores (mean hits = 27.7) 
compared to the WVRP condition (mean hits = 24). 
 
4.6.4.2   Subjective measures 
The subjective questionnaire (Table 3) was administered after each interface 
condition. The scores (Appendix C3) were analyzed for each question using the Friedman 
Test (Appendix C4) on the interfaces blocking on the participants. There was significant 
difference (P<0.05) between the two control conditions for questions 4, 5, 7, 8, 10, 11, 
12, 13, 14, 15, 16, 17, 19, 20, 21 and 22. In all these questions, the WVRP condition had 
better scores (Table 4.3) compared to the WVRT condition. 
 
4.6.5   Discussion 
The inspection performance of the participants when using the Window VR touch 
interface was significantly better than their performance when using the Window VR 
point interface. This contradicts the perception of performance by the participants when 
using the two interfaces (Question 21). The participants perceived the WVRP interface to 
be better than the WVRT interface in getting accustomed to the environment (Question 
 60
10), promoting natural movement (Question 4) anticipating the responses to their actions 
(Question 5), not interfering with the task (Question 14), manipulating the defect 
selection mechanism (Question 12) and selecting defects (Question 13). They felt that the 
WVRP interface to be better than the WVRT interface in being involved in the simulated 
inspection experience (Question 7), getting proficient in moving and interacting with the 
virtual environment (Question 11), accomplishing the goals of the task (Question 21) and 
in concentrating on the task rather than on the control mechanisms (Question 15). The 
participants felt that the workload requirements and the mental and perceptual activity 
required (Question 17) and frustration (Question 22) was higher for the WVRT interface 
compared to the WVRP interface and overall their preference (Question 16) for the 
WVRP interface for inspection training was higher. The WVRP interface allowed the 
participants to hold the suspended display unit with both hands for the task while they 
had to release one hand from the display unit to touch the screen for defect selection 
when using the WVRT interface. This caused the view to change slightly when they 
released the display unit when they used the WVRT interface that may have frustrated the 
users. In the WVRT interface, once a view was acquired, the participants could easily 
touch and select all the defects in their view as compared to the WVRP interface where 
they had to change their view and navigate the environment so that the defect was 
positioned at the center of the display for selection. In the WVRP condition, the 
participants had to work harder for target acquisition even though they perceived it 
otherwise. This would explain the higher performance when using the WVRT interface 
since the defect selection process was more efficient and the inspection process could be 
more systematic in spite of the slight change in view when the hand was released. 
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 4.7 Conclusions 
In this study, we explored different interfaces for delivering VR based aircraft 
inspection training. The aircraft inspection task scenario is similar to a variety of 
applications of Virtual Reality since it comprises of two generic functions. Navigation 
within the VR environment (orientation and position control) and target selection (point 
and select). It is expected that the results of this study can be applied to other VR 
application environments for education, training, and design. 
The four display interfaces that were considered for this study were the head 
mounted display (HMD), the WindowVR display, projector based display and the 
desktop based display. The head mounted display is the most immersive display system 
and the interaction with the environment is natural and intuitive. The users can move 
around and look around as they would in a real environment. The hand held 6DoF mouse 
for target selection is also intuitive to use since it is similar to pointing with a laser 
pointer. In case of the aircraft inspection scenario used in this study, the scenario was 
large and since it was beyond the range of the HMD, buttons on the 6DoF mouse were 
used to move forward and backward in the scenario. 
The WindowVR allows the user to manipulate the location and orientation of the 
display to acquire a view of the virtual scenario. The navigation is still natural since the 
user gets a view of the virtual environment by pointing the display ‘window’ to the 
desired direction. In addition, since the environment was large, buttons on the D-Pad 
were used to change their position (front, back, left and right) within the environment. 
The two interfaces evaluated in this study differed in the target selection control 
 62
mechanism. Target selection based on the touch-screen interface was found to be more 
efficient for performing the inspection task as compared to the fixed targeting cursor at 
the center of the display though the users perceived the fixed cursor to be better for 
performing the task. Hence we have a tradeoff between the task performance and the 
perceived user friendliness of the two interfaces. When using the fixed targeting cursor, 
the user has to manipulate the display so that the defect coincides with the center of the 
display. This requires the view to be changed from one defect to another. In the case of 
the touchscreen based defect selection, the user can systematically inspect the scenario 
while selecting all the defects encountered in each view. After further investigation, it is 
recommended to use the touch-screen based interface for inspection training using the 
WindowVR since it promotes systematic search strategy. 
The projector and desktop based displays are fixed relative to the user and the 
user has to consciously manipulate the environment using control interfaces to acquire 
the desired view. All the interfaces that were evaluated for the projector based VR 
training simulator were found to be equivalent in performance as well as in presence, 
ease of use and workload requirements. Basic human decision rules recommend the use 
of the X-Box controller for this interface since it is inexpensive and robust compared to 
the customized gamepad integrated with flock of birds sensors. 
The desktop based display was paired with three interfaces: a Keyboard-mouse 
combination, a game-pad and a joystick-touch screen combination. It was found that the 
inspection task performance for the desktop based display when using the gamepad was 
inferior to the two other conditions which were found to be equivalent in performance. 
The users perceived the keyboard-mouse interface to be better than the gamepad interface 
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for accomplishing the goals of the task. Hence it is recommended to use the ubiquitous 
keyboard-mouse interface for providing VR based training using a desktop display. This 
study allowed us to identify the best interfaces for interaction with the virtual 
environment using each of the different display mechanisms. 
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CHAPTER FIVE 
EVALUATING THE TRANSFER EFFECTS OF TRAINING PROVIDED USING 
VIRTUAL REALITY BASED INSPECTION TRAINING SIMULATORS AT 
VARYING LEVELS OF VISUAL REALISM AND IMMERSION 
 
ABSTRACT 
Training has been shown to improve the visual inspection performance 
of aircraft inspectors. Past efforts have looked at technology to aid in 
inspection training ranging from computer based training (CBT) to 
Virtual Reality (VR) based training. VR training is advantageous since it 
provides the trainee with a holistic experience of the inspection scenario. 
A variety of VR based technology solutions are available at varying 
levels of visual realism and immersion. With increased fidelity, there are 
increased costs associated with both the hardware setup and development 
of the training software. There is a lack of research in evaluating the 
effectiveness of VR based inspection training leading to transfer of skills 
to actual aircraft inspection tasks. This study evaluated the effectiveness 
of providing search strategy training using three VR simulators at 
varying levels of graphic fidelity and interaction modality compared to a 
control group that received conventional classroom training. The results 
show that participants receiving training using the VR simulators had 
better performance in the actual inspection task compared to participants 
in the control group. It was also seen that higher graphic fidelity led to 
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better inspection performance but also led to higher workload and 
temporal lag. 
 
5.1 Introduction 
In the aviation industry, safety depends on maintaining the airworthiness of 
aircraft and visual inspection by humans is a widely used method for the detection and 
classification of defects. Human inspectors have the flexibility to adapt to various tasks 
and scenarios but this system is not completely reliable. Improving the inspection process 
could increase the inspectors’ effectiveness.  Past research [Gramopadhye, Drury and 
Prabhu, 1997] has shown that training is effective in improving visual inspection 
performance. Various forms of visual inspection training have been investigated to 
improve aircraft inspection. On-the-job training (OJT) is the predominant inspection 
training provided in the aircraft industry [Latorella et al., 1992; Walter  2000] where a 
novice inspector is trained by an expert inspector during the inspection of an aircraft. OJT 
has disadvantages and may not be the best form of training for this purpose [Wiener, 
1975; FAA, 1991; Chandler 2000; Vora et al, 2002]. For example, OJT does not allow 
for timely and frequent feedback and it does not offer comprehensive exposure to defect 
scenarios, as the trainee can only see the defects present in the aircraft being inspected.  
The use of offline technology has been studied to overcome these problems 
[Gramopadhye et al. 2003]. The use of computers for off-line inspection training have 
shown significant improvements in inspection performance in the laboratory environment 
[Blackmon and Gramopadhye, 1996; Sadasivan et al., 2005; Sadasivan et al., 2006; 
Nalanagula et al., 2006]. Training delivery systems such as computer-aided instruction, 
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computer-based multi-media training, and intelligent tutoring systems, are already in use 
today. 
 
5.1.1 Virtual Reality for training 
Virtual reality (VR) technology offers a promising approach as a platform to 
deliver effective training. VR simulators are advantageous since it offers a holistic view 
of the inspection environment, a variety of defect scenarios can be created on demand 
and a trainees can be exposed to different defect types and their locations before they 
move on to the inspection of an actual aircraft. The trainees can be provided with 
performance feedback during and after the inspection task, and they can also receive 
feedback on the process they adopted after the completion of the inspection task.  
Due to advances in the commodity graphics market, the visual realism of the 
simulators has improved considerably. The training simulators vary in realism and degree 
of interaction, from a simple desktop point-and-click version to a fully immersive, virtual 
reality simulator. It was observed that participants who had prior training with training 
simulators performed better in virtual tasks than those who did not [Ferlitsch et al. 2002].  
It has been shown that participants find a significant sense of being in the actual 
aircraft when immersed in a virtual scenario depicting the inspection environment [Vora 
et al. 2001], and several laboratory studies have been conducted using VR as a medium 
for providing aircraft inspection training [Sadasivan et al., 2005; Kaewkuekool et al. 
2002; Nair et al. 2001].  
Even though VR based training has been shown to be beneficial in improving 
inspection performance in simulated tasks, there is a lack of research in evaluating the 
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transfer of the skills from the virtual training environment to the actual aircraft inspection 
scenario.  
Some of the factors affecting performance in the simulator are visual realism and 
user interaction constraints. The relative importance of these factors in a training scenario 
are task dependent [Stanney et al. 1998]. In some of the tasks, increased visual realism 
leads to an increased expectation of behavioral realism [Garau et al. 2003]. Due to the 
non-uniform experiences of the users, as well as the subjective nature of the responses, 
there have been some controversies regarding the appropriateness of using presence in 
predicting simulator effectiveness and user performance [Slater 1999, Usoh et al. 2000]. 
Though presence is a popular parameter for evaluating virtual environments, it has been 
suggested that the evaluation of virtual environments should not be limited to the 
subjective feeling of being transported to a different scenario [Casati and Pasquinelli, 
2005]. The literature suggests various other parameters to be evaluated. It has been 
shown that there is a trade off between the temporal and visual fidelity in virtual 
simulators [Watson et al. 1998]. Additionally, there have been very few methods 
developed to measure the transfer effects of training in virtual worlds and their 
subsequent effect on real-world performance. 
The development of VR simulators have kept up with the advances in technology 
and there is a tendency to fall into the trap of ‘gold plating’. This results in the technology 
being expensive and its benefits are lost as the colleges and small aviation maintenance 
firms can’t afford to implement such solutions. There is a need to have a selective fidelity 
approach to find the trade-offs in using VR simulators for training [Bradley et al. 2004]. 
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5.1.2 Search strategy training 
Feedback training and feedforward training are the predominant training methods 
in use. Embrey [1979] has shown that both knowledge of results (feedback information) 
and cueing (feedforward information) were effective in improving inspection skills, while 
Annett [1966] found that cueing was equivalent to, or better than, knowledge of results. 
Megaw [1979] mentioned feedback and feedforward information as factors affecting 
inspection performance while Drury and Prabhu, [1991]  present evidence supporting the 
use of feedforward and feedback training in aircraft inspection. Feedback training 
provides inspectors with information on their past performance or information on the 
process they adopted in different situations. In a simulated two dimensional airframe 
component inspection task, process feedback has been shown to improve search strategy 
[Gramopadhye et al. 1997]. Feedforward training provides prior information, such as 
information on the defects present, specific locations of defects, or special strategies. 
Feedforward training has been found to be effective in past studies providing prior 
information on faults in industrial inspection.  
Visual search is the first step in a visual inspection task, and it involves searching 
for nonconformities in an item. Czaja and Drury [1981] have shown improvement in 
visual search behavior with training. The most important aspect influencing visual search 
is information. Information can be of various types, including defect and location related, 
performance related, and process. Visual search strategy is a form of process information 
that may help to improve the accuracy and efficiency of a visual inspection task. Visual 
search strategy has been categorized by Megaw and Richardson [1979] as random, a 
memoryless process where fixations can occur anywhere in the search field, and 
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systematic, where perfect memory is assumed and no two fixations will occur at the same 
location. Generally, real world search processes fall in between these two extremes. 
Megaw and Richardson [1979] state that inspection performance increases when the 
search strategy tends more towards systematic, as the inspection coverage is then 
exhaustive and no overlap exists between successive fixations. They also note that the 
underlying eye movements of experienced inspectors are far from random. Schoonard et 
al. [1973] found that in chip inspection, trained inspectors adopted a better inspection 
strategy than novice inspectors. Kundel and LaFollette [1972] used fixation analysis to 
determine that experienced radiologists used a more systematic strategy while inspecting 
chest radiographs than untrained subjects. It has been shown in the field of radiology that 
providing an expert’s search strategy to a novice can improve the novice’s strategy 
(Kundel and LaFollette [1972]. Wang et al. [1997] showed that search strategy can be 
taught. Graphical cognitive feedback of search strategy has also been shown to enhance 
visual inspection performance [Gramopadhye et al. 1993].  
 
5.2 Research objective 
The effectiveness of the training simulator depends on the transfer of the training 
provided in the virtual world to the real world. This study evaluated the effectiveness of 
simulated search strategy training provided using VR based inspection training simulators 
at varying levels of fidelity to novice inspectors. The performance of the novice 
inspectors in an inspection task performed in an actual aircraft was compared to the 
performance of novice inspectors receiving traditional classroom training.  
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5.3 Methodology 
Cargobay inspection training simulators were developed for delivery across a 
range of display and interaction devices at different levels of fidelity (henceforth referred 
to as interaction modality). The four implementations based on interaction modality were 
Head mounted display (HMD), Window VR, Projector and Desktop. These simulators 
also have two levels of graphic realism (henceforth referred to as graphic fidelity). The 
low level of graphic fidelity, referred to as the 2.5D cargobay model, requires relatively 
simple modeling skills; lesser time and effort to develop, and relatively lower levels of 
computer hardware configuration such as graphic cards and RAM. The high level of 
graphic fidelity, referred to the 3D cargobay, is resource and skill intensive in 
development and requires higher computer hardware configurations for implementation. 
Hence, there are two factors as shown in Figure 5.1. giving us a total of eight 
combinations.  
A transfer effects study would have to be a between subjects study with a 
minimum of eight participants per treatment group. Conducting a transfer effects study 
on nine conditions (8 treatment groups + 1 control) was infeasible due to the limited 
number of aircraft maintenance students available. Hence, two interaction modality 
conditions (one low and one high) were chosen and combined with the two graphic 
fidelity conditions to provide the three treatment combinations that are defined as 
follows: 
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Cognitive Skill Training Simulator 
Graphic Fidelity (Factor A) 
2 Levels 
Interface Fidelity (Factor B) 
4 Levels 
 
Low 
2.5D 
Level 1 
High 
3D 
Level 2 
Desktop 
Level 1 
Projector
Level 2 
Window-VR 
Level 3 
HMD 
Level 4
 
 
 
 
 
Figure 5.1. Cognitive training simulator at different levels of fidelity 
 
1. High graphic fidelity + High interaction modality 
In this condition the 3D cargobay simulator was implemented on the Head Mounted 
Display 
2. High graphic fidelity + Low interaction modality 
Here the 3D cargobay simulator was implemented using a projector based display 
3. Low graphic fidelity + Low interaction modality 
In this case the 2.5D cargobay simulator was implemented using a projector based 
display 
The three treatment conditions along with a control condition (no VR training) 
resulted in a total of four groups for this study as shown in Table 5.1. 
For conducting a transfer effects study, it was necessary to have a real inspection scenario 
similar to the virtual training scenario. This posed a difficult situation as a wide-body 
aircraft cargobay was not available with local industry or aircraft training schools. One of 
the primary benefits foreseen for VR is the capability to make wide-body aircraft 
available to aircraft maintenance schools for training. 
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Table 5.1. Reduced Transfer Effects Experiment Design 
Fidelity 
combination 1 
Fidelity 
combination 2 
Fidelity 
combination 3 
Control 
Traditional 
classroom training  
Traditional 
classroom training 
Traditional 
classroom training 
Traditional 
classroom training 
Familiarization Familiarization Familiarization 
VR Training VR Training VR Training 
FAA Video on 
Inspection 
Inspection task in 
real aircraft 
Inspection task in 
real aircraft 
Inspection task in 
real aircraft 
Inspection task in 
real aircraft 
 
For the purpose of conducting a transfer effects study, available aircraft were 
explored. It was found that the inside of the fuselage (cabin) of the Lockheed JetStar 
(Figure 5.2) offers a similar environment as the aircraft cargobay and would necessitate 
similar cognitive inspection skills to implement a systematic search strategy. The interior 
(Figure 5.3) of the JetStar aircraft was stripped down for the final inspection task. The 
aircraft was divided into six identical sections to be used as inspection scenarios. 
 
  
Figure 5.2. Lockheed Jetstar Figure 5.3. Fuselage interior (cabin) 
 
5.3.1 Participants 
Thirty-six students from the Aviation Maintenance Program at Greenville 
Technical College participated in this study. All the students had completed the basic 
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airframe inspection course offered by the program. The students were assigned to four 
groups. The four groups were balanced for video gaming experience and aircraft 
maintenance experience. The four groups were randomly assigned to the four (3 
treatment and control) conditions. 
 
5.3.2 Stimulus material and equipment 
There are two key control aspects which must be considered for interaction with 
the simulator: the first is the user’s ability to change view and the second is his ability to 
select targets. In the HMD-based VR simulator, trainee manipulated his view of the 
environment by naturally walking and looking around in the environment, as the view 
was mapped to the position and orientation of a 6DOF tracker attached to the HMD. 
Additionally, the trainee selected defects using a cursor controlled by a hand held 6-DOF 
mouse. In the projector-based VR simulator, the trainee’s position and orientation is fixed 
(facing the screen) and the view is limited to the display on the screen. To manipulate the 
environment in the projector-based VR, the trainee must consciously change the view. 
The principal hardware components are described as follows. The Virtual 
Research Systems VR1280 Head Mount Display (Figure5.4) with a 1280x1024 
resolution was used for the HMD 3D condition. Ascension Technology Corporation’s 
Flock of Birds (FOB) 
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 Figure 5.4. HMD Figure 5.5. XBOX controller 
 
tracking system is used for rendering the virtual scenario with respect to the participant’s 
movements. Ascension Technology Corporation’s 6DoF mouse was used to interact with 
the environment. A 1024x768 resolution projector, displaying the VR environment on a 
screen approximately 12 feet in front of the participant was used for both the projector 
conditions. A Microsoft XBOX controller (Figure5.4) was used for manipulating and 
interacting with the environment in both the projector conditions. 
 In all the conditions, the simulator is launched on a 1.5GHz dual Xeon processor 
Dell personal computer with an NVidia GeForce 8800 GTS graphics card, running the 
Linux (Fedora Core 4) operating system. The simulator maintained an interactive frame 
rate of at least 30 fps throughout the experiment. 
The scenarios used in this study were variants of the 3D cargobay (Figure 5.6) 
and the 2.5D cargobay (Figure 5.7). Both the 3D and 2.5D cargobay simulators were 
based on the Lockheed L1011 aircraft cargobay. For each graphic condition, there was a 
familiarization scenario and three equivalent inspection task scenarios. In addition a 
search  
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 Figure 5.6. 3D cargobay scenario 
 
Figure 5.7. 2.5D cargobay scenario 
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 Figure 5.8. Search strategy training scenario 
strategy training scenario (Figure 5.8) developed earlier [Sadasivan et al. 2005] using the 
eye movements analysis of an expert inspector performing an inspection task was used 
for training. 
 
5.3.3. Procedure 
All the participants had completed the airframe inspection course (traditional 
classroom training) prior to the experiment. Participants in the control group watched a 
30 minute FAA training video on airframe inspection while the participants in the 
treatment groups received VR training for a similar amount of time. 
The participants in the treatment groups were first immersed in a familiarization 
scenario for 4 minutes to get accustomed to the VR environment and the various defects. 
This was followed by them performing an inspection task. The time limit for inspection 
tasks were based on the size of the environment, and all the inspection task scenarios 
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were equivalent in difficulty. The participants in the 3D cargobay had 7 minutes to 
complete the task while the participants in the 2.5D cargobay had 4 minutes to complete 
the inspection task. Once they performed the inspection task, the participants in the 
treatment groups were exposed to the search strategy training scenario. The participants 
observed the search strategy employed by an expert inspector while performing the 
inspection task. The search strategy training was followed by the participants formulating 
their own inspection strategy for the inspection task that they performed earlier and tried 
out their inspection strategy in the VR cargobay inspection environment. The participants 
then performed one more inspection task employing their inspection strategy. A day after 
the training all the participants performed an inspection task in the Lockheed Jetstar. 
Their inspection was evaluated by the instructor at Greenville Tech’s Aircraft 
Maintenance Program. 
The inspection task involved the participant inspecting a section of the stripped 
down cabin of the aircraft. There were six identical sections of the Jetstar that were 
assigned randomly to the participants for the inspection task. The instructor evaluated the 
participants on the following parameters. 
• Inspection Technique 
• Inspection Performance 
• Knowledge of Defects 
• Identification of Defects 
• Efficiency - Time Taken 
All the parameters except the time taken were scored by the instructor on a 10 
point scale. 
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After completing the inspection task, all the participants except those from the 
control group completed a subjective questionnaire based on a presence questionnaire 
[Witmer and  Singer, 1998] and the NASA TLX [Hart and Staveland, 1988] workload 
questionnaire. 
 
5.4 Results 
5.4.1 Performance measures 
ANOVA was used to analyze the performance data (Appendix D1) using the Proc 
GLM procedure in SAS 9.1. The LSD procedure was performed when significant 
differences were detected. 
5.4.1.1 Inspection Technique: HMD 3D training and the Projector 3D training were 
found to be significantly better (P<0.05) than Control. There was no significant 
difference between the three Treatment groups. 
Table 5.2. ANOVA table for Inspection Technique Scores 
Source DF Sum of Squares Mean Square F Value Pr > F 
Treatment 3 72.91      24.30 3.65  0.02 
Error  32 213.00       6.66   
Corrected Total 35 285.91    
 
5.4.1.2 Inspection performance: All three treatment conditions were found to be 
significantly better (P<0.01) than Control. There was no significant difference between 
the three Treatment groups. 
Table 5.3. ANOVA table for Inspection Performance Scores 
Source DF Sum of Squares Mean Square F Value Pr > F 
Treatment 3 100.19 33.40 4.72 0.008 
Error  32 226.22 7.07   
Corrected Total 35 326.41    
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Figure 5.9. Mean scores for inspection technique 
 
 
Figure 5.10. Mean scores for inspection performance 
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5.4.1.3 Knowledge of defects: All three treatment conditions were found to be 
significantly better (P<0.01) than Control. There was no significant difference between 
the three Treatment groups. 
 
Table 5.4. ANOVA table for Knowledge of Defects Scores 
Source DF Sum of Squares Mean Square F Value Pr > F 
Treatment 3 80.80 26.93    4.91  0.006 
Error  32 175.44  5.48   
Corrected Total 35 256.24    
 
 
 
Figure 5.11. Mean scores for knowledge of defects 
 
5.4.1.4 Identification of defects: HMD 3D training and the Projector 3D training were 
found to be significantly better (P<0.01) than Control. No significant difference was 
found between the three Treatment groups. 
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Table 5.5. ANOVA table for Identification of Defects Scores 
Source DF Sum of Squares Mean Square F Value Pr > F 
Treatment 3 91.97 30.66 5.71  0.003 
Error  32 171.78 5.37   
Corrected Total 35 263.74    
 
 
 
Figure 5.12. Mean scores for identification of Defects 
 
5.4.1.5 Time taken: Projector 3D training led to significantly higher (P<0.05) inspection 
time compared to the other three groups. 
 
Table 5.6. ANOVA table for time taken 
Source DF Sum of Squares Mean Square F Value Pr > F 
Treatment 3 592921.44  197640.48  5.93  0.0025 
Error  32 1066513.11  33328.54   
Corrected Total 35 1659434.56    
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 Figure 5.13. Mean time taken for task 
 
5.4.1.6 VR task performance  
The inherent ability of the participants to perform the search task varied, 
therefore, the absolute difference between the post-test and pre-test measures does not 
represent the actual effect of the training for each individual. This was accounted for by 
transforming the absolute difference to a relative difference. Relative difference was 
calculated by representing the difference (post-test - pre-test) as a percentage of the pre-
test scores for each participant, thus focusing on the improvement of the participant’s 
abilities relative to his or her initial ability. 
An ANOVA was used to analyze the VR task performance data using the PROC 
MIXED procedure in SAS. There was a significant difference (P<0.01) observed between 
the three treatment groups. 
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Table 5.7. ANOVA table for Relative Gain in VR Task Performance 
Source DF Sum of Squares Mean Square F Value Pr > F 
Treatment 2 35028.64 17514.32  7.13 0.0037 
Error  24 58921.74 2455.07   
Corrected Total 26 93950.38    
 
The LSD procedure was then performed to identify the differences. It was found 
that the HMD 3D condition had higher relative performance gain compared to both the 
Projector 3D and Projector 2.5D groups. There was no significant difference between the 
Projector 3D and Projector 2.5D groups. 
 
Figure 5.14. Mean % relative gain in performance 
 
5.4.2 Subjective data 
The participants’ responses on the subjective questionnaires (Table 5.8) were analyzed 
using the Kruskal Wallis test in SAS. If the difference between the groups was 
significant, the LSD procedure was used to identify the differences. The responses to  
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Table 5.8. Mean Scores for Subjective Questions 
No. Question HMD 
3D 
Projector 
3D 
Projector 
2.5D 
Kruskal 
Wallis 
1 The environment was responsive to actions that I initiated.  3.78 4 4.78 p<0.01 
2 The interactions with the environment seemed natural.  3.33 3.67 3.89 ns 
3 I was involved by the visual aspects of the environment.  4.33 4.11 3.67 ns 
4 The mechanism which controlled movement through the 
environment seemed natural.  
2.89 3.44 3.78 ns 
5 I was able to anticipate what would happen next in response to 
the actions that I performed.  
4 4.22 3.89 ns 
6 I could examine objects from multiple viewpoints.  4 4.44 4 ns 
7 I was involved in the simulated inspection experience.  4.44 4.44 4.56 ns 
8 The control mechanism was distracting. 3.11 2.89 2.56 ns 
9 There was no delay between my actions and expected outcomes. 3.89 3.78 4.56 ns 
10 I adjusted quickly to the interface used for the virtual 
environment experience.  
3.78 4.11 4 ns 
11 I feel proficient in moving and interacting with the virtual 
environment using this interface.  
3.78 3.44 4.33 ns 
12 I could effortlessly manipulate the mechanism for defect 
selection in the virtual environment.  
3 3 4 p<0.05 
13 It was easy for me to select defects using this interface.  3 3.56 4.11 ns 
14 The control devices interfered with performing the task.  3 3.11 2.33 ns 
15 I could concentrate on the task rather than on the mechanisms 
used to perform the task.  
3.33 3.33 3.89 ns 
16 I would personally prefer this interface for inspection training 
using virtual reality.  
3.44 3.11 3.56 ns 
17 The mental and perceptual activity required (e.g., thinking, 
deciding, calculating, remembering, looking, searching, etc.) was 
very high.  
3.78 3 3 ns 
18 The physical activity required (e.g., pushing, pulling, turning, 
controlling, activating, etc.) was very high.  
3.11 2 1.44 p<0.05 
19 I felt pressured for time due to the rate or pace at which the tasks 
or task elements occurred.  
4 3.78 3.33 ns 
20 I had to work (mentally and physically) very hard to accomplish 
my level of performance.  
3.56 2.89 2.22 p<0.05 
21 I think I was successful in accomplishing the goals of the task.  4 3.67 4.44 ns 
22 I felt frustrated (insecure, discouraged, irritated, stressed and 
annoyed versus secure, gratified, content, relaxed and 
complacent) during the task.  
2.44 2.44 1.67 ns 
23 The VR training simulators have been a helpful lab tool for 
learning airframe inspection.  
4.25 3.78 4.33 ns 
24 The use of the VR training simulators for teaching is a good use 
of advanced technology.  
4.44 3.78 4.33 p<0.05 
25 Seeing the VR training simulators made me more interested in 
learning about airframe inspection.  
4 3.33 4.33 ns 
26 Getting to use the VR training simulators made my class more 
enjoyable.  
4.13 3.89 4.33 ns 
27 Using the VR training simulators helped me to improve my 
inspection performance.  
4 3.78 4.44 ns 
28 The VR training simulators and lab will encourage more students 
to be interested in Greenville Tech’s Aviation Maintenance 
Program.  
4 3.56 4.44 ns 
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questions 1, 12, 18, 20 and 24 were found to be significantly different (p<0.05) between 
the three treatment groups.  
The results of the LSD procedure are provided below. 
Q01: Projector 2.5D was significantly better than both HMD 3D and Projector 3D 
Different? Projector 3D Projector 2.5D 
HMD 3D maybe not different 
Projector 3D  different 
 
Q12: Projector 2.5D was significantly better than both HMD 3D and Projector 3D 
Different? Projector 3D Projector 2.5D 
HMD 3D maybe not different 
Projector 3D  different 
 
Q18: Projector 2.5D was significantly better than HMD 3D. 
Different? Projector 3D Projector 2.5D 
HMD 3D maybe not different 
Projector 3D  maybe not 
 
Q20: Projector 2.5D was significantly better than HMD 3D. 
Different? Projector 3D Projector 2.5D 
HMD 3D maybe not different 
Projector 3D  maybe not 
 
Q24: HMD 3D was significantly better than Projector 3D.  
Different? Projector 3D Projector 2.5D 
HMD 3D different maybe not 
Projector 3D  maybe not 
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5.5 Discussion 
In this study, the transfer of inspection skills acquired from virtual reality based 
training using simulators at varying levels of fidelity to real world aircraft inspection 
tasks was evaluated. Results show that participants receiving VR based search strategy 
training received significantly better scores in inspection performance and knowledge of 
defects compared to the participants in the control group. The participants trained using 
the 3D simulators (HMD 3D and Projector 3D) had better performance scores for 
inspection technique and defect identification compared to the participants in the control 
group. The participants trained in the Projector 3D condition took significantly more time 
to complete the inspection task compared to the other three groups. Overall we saw 
positive transfer effects of training using VR simulators. Participants trained using the 
higher fidelity 3D graphics based simulators (HMD and Projector) showed better 
performance in all the parameters compared to control, while the use of the Projector 
2.5D environment led to better defect detection and higher knowledge of defects than the 
control. The 3D environments had structures similar to the actual aircraft inspection 
environment, and the 3D model allowed the incorporation of depth in the model which 
was not available in the 2.5D environment. The participants trained in the 3D 
environment would have developed a search strategy that accounted for the depth and 
breaks in the environment. The higher visual realism of the environment during training 
could have contributed to the better defect identification scores. 
When comparing inspection performance for the simulated inspection task in VR 
for the participants in the three treatment groups, the participants trained using the HMD 
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3D condition showed significantly greater improvement in inspection performance after 
training compared to the other two treatment conditions. 
The analysis of the participants’ response to the subjective questions revealed 
there were significant differences between the treatment groups for five of the 28 
questions. 
 The participants assigned to the Projector + 2.5D training condition felt that the 
environment was responsive to actions they initiated more than the participants assigned 
to the HMD + 3D or Projector + 3D training conditions. The participants assigned to the 
Projector + 2.5D training condition also felt that they could more effortlessly manipulate 
the mechanism for defect selection in the virtual environment compared to the  
participants assigned to the HMD + 3D or Projector + 3D training conditions. 
Participants receiving training in the Projector + 2.5D environment felt that they had 
lesser physical activity demands and lesser workload requirements to accomplish the 
goals of the task compared to the participants receiving training in the HMD + 3D 
environment. The Projector + 2.5D scenario was made by texturing planar polygons with 
photographs of the actual environment while the 3D scenario was made using texture 
mapped 3D models. The 2.5D scenario was relatively less computationally intensive to 
process and render compared to the 3D scenario which would have made it more 
responsiveness to the actions initiated by the user and also easier for defect selection. The 
participants who were trained using the 3D environment may have perceived a slight 
temporal lag in the responses to the actions they initiated. 
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Participants receiving training in the HMD 3D training environment found the use 
of VR training simulators for teaching to be a good use of advanced technology 
compared to participants receiving training in the Projector 3D training environment.  
The inspection task had a high level of difficulty, and, in spite of the training 
being very limited (30 minutes), there was a significantly higher inspection task 
performance observed in the groups receiving VR training compared to the control group. 
In the past, research evaluating training using computer based simulators [Sadasivan et al. 
2005; Vora et al 2002; Nickles et al. 2001] has shown increase in performance after 
training in simulated tasks. This study shows that the training transfers effectively to real 
world tasks and that higher level of fidelity contribute to higher performance. 
 
5.6 Conclusions 
This research has shown that Virtual Reality based training is effective in transfer 
of inspection skills to real world aircraft inspection tasks. Higher fidelity graphics have 
been found to be superior to lower fidelity graphics in achieving better inspection 
technique and defect identification skills. Training provided on the higher fidelity 
interface – Head Mounted Display – resulted in higher inspection efficiency compared to 
the lower fidelity projector interface. Higher fidelity graphics resulted in a higher 
perception of workload and delayed responses compared to the lower fidelity graphics 
and this could be attributed to slight temporal lags in rendering of the higher fidelity 
graphic implementations. With advances and ever increasing computational capabilities 
of graphic cards, this temporal lag will be alleviated. 
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CHAPTER SIX 
EVALUATING THE INTERPLAY OF PRESENCE AND PERFORMANCE AT 
DIFFERENT LEVELS OF FIDELITY USING VR BASED INSPECTION TRAINING 
SIMULATORS 
 
ABSTRACT 
Training has been shown to improve the reliability and productivity of human 
operators in complex systems. Conventional training methods like classroom and on-
the-job training have inherent limitations ranging from the lack of exposure to critical 
scenarios to costs involved in training implementation. With the advances in 
computer technology there has been a drive to develop technology based training 
simulators. Virtual Reality (VR) technology took these initial forays to the next level 
as it allows for superior graphic realism and interactivity. Technology has long been 
considered to be promising in the effective delivery of training.  Increased emphasis 
on aircraft inspection to ensure aviation safety has resulted in the need for a better 
trained workforce of aircraft maintenance personnel. This has led to the development 
of computer simulators to train human inspectors performing the inspection task. 
However, the lack of immersion and interaction in such simulators has led to limited 
effectiveness and adoption. Advances in graphics and virtual reality technology have 
increased the sense of involvement when using these simulators. Though technology 
is available to provide higher levels of immersion, it is expensive. The application of 
this technology to small aircraft maintenance facilities and colleges will largely 
depend on their effectiveness and cost of implementation. It is not very clear if the 
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higher fidelity in virtual reality simulators translate to an increase in the effectiveness 
of training. 
This study explores the tradeoffs involved in implementing VR based aircraft 
inspection training simulators based on the interaction of fidelity, immersion, 
workload and task performance. Eight simulator combinations were implemented at 
two levels of graphic fidelity and four levels of display modality. These simulators 
were evaluated with aircraft maintenance students performing simulated inspection 
tasks in a virtual scenario. The different implementations are evaluated using task 
performance, situation awareness and subjective measures of presence and workload. 
The results of this research provide recommendations for the design of VR 
based interaction devices, specifically training simulators for providing aircraft 
inspection training. 
 
6.1 Introduction 
In industry, the effectiveness and the efficiency of processes depend largely on 
the skills of the workforce which reflects in the quality of goods produced and the 
profitability of an organization. Systems using human operators are not always reliable 
due in part to human error. Research has shown that approximately 80% of the aviation 
accidents are attributable to aircrew errors [Wiegmann and Shappell 2001]. Kohn et 
al.[1999] estimated that each year at least 44,000 deaths in Americans hospitals can be 
attributed to medical errors. 
Training has long been identified as the most effective intervention to improve 
human performance whether it be an operator of heavy machinery or a surgeon using 
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sophisticated minimally invasive surgical instruments. Training is the primary 
intervention adopted for the acquisition of skills in medicine, manufacturing industry and 
in aviation. With advances in technology, developments in training program have 
progressed from classic on-the-job training scenarios to advanced synthetic simulators. 
 On-the-job training (apprenticeship) is currently the default training provided for 
improving task performance. This mode of training has its limitations. In the health care 
industry, there are ethical issues in training surgeons on patients, while in the aviation 
industry, on-the-job training is limited by the availability of aircraft to use for training. 
Advanced physical simulators duplicating the aircraft systems and manufacturing 
environments are expensive, and their availability is limited. Surgical training using 
animals may be considered inhumane. Scenarios for the training of emergency response 
personnel such as fire fighters and paramedics are difficult to simulate in the real world. 
 Simulated training provides a solution to many of the above mentioned problems. 
In the aviation industry, flight simulators have been used extensively from the Link 
Trainer of 1929 to current Full Flight Simulators which are capable of moving in all six 
degrees of freedom (DoF). In the medical field, simulator use has become popular 
[Aggarwal et al. 2006] with training students as it allows for extensive practice without 
their mistakes having dire consequences to patients. In full scale simulation, training 
scenarios can be created for rare anomalies that would be almost impossible for trainees 
to encounter in a real world on-the-job training environment. 
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6.1.1 Computer technology for training 
Increased application of advanced technology in training can be expected with 
computer technology becoming cheaper. Over the past decades, numerous technology-
based training devices have been offered to aid in improving efficiency and effectiveness 
of humans. These training delivery systems such as computer-aided instruction, 
computer-based multimedia training, and intelligent tutoring systems are extensively used 
in educational and industrial training settings. For example, Latorella et al. [1992] and 
Gramopadhye et al. [1993] have used low fidelity inspection simulators with computer-
generated images to develop off-line inspection training programs for inspection tasks. 
Despite their advantages, older PC-based low fidelity simulators lack realism as most of 
these tools use only two-dimensional sectional images and do not provide the trainee with 
a holistic exposure to the task environment. Virtual Reality allows a solution to this 
problem. With VR technology becoming cost effective and reliable, there is a push to 
apply this technology to training. 
Due to advances in the commodity graphics market, the visual realism of the 
simulators has improved considerably. These training simulators vary in realism and 
degree of interaction, from a simple desktop point-and-click version to a fully immersive, 
virtual reality simulator. It was observed that participants who had prior training using 
simulators performed better in virtual tasks than those who did not [Ferlitsch et al. 2002] 
VR allows for detailed representation of complex scenarios that an operator might 
encounter in the real world. It allows for interactivity with the task environment and 
allows instructors to design training programs to cater to the adaptive needs of the 
trainee. A simulated VR training environment can allow active feedback on the process 
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and performance characteristics of the task. VR provides a controlled environment to 
collect performance and process data that can be provided as feedback information. This 
environment can also be used to capture cognitive information that can be used for the 
modeling of experts performing specific tasks which can be used for training purposes in 
designing the training systems as well as for providing novices with information on an 
experts’ strategy. 
 
6.1.2 Current Virtual Reality technology 
VR hardware can be broadly classified into three categories: Display devices, 
interaction devices and spatial orientation systems. Over the years, a variety of high and 
low fidelity interface devices have been available [Burdea and Coiffet 2003, Bowman et 
al. 2001]. It is necessary to evaluate the devices to assess their suitability and feasibility 
for performing tasks. 
 
Display devices 
Visual displays provide graphic information and are used to present a virtual 
scene to the user. They range from single user displays to multi-user displays and can be 
simple LCD desktop monitor or projector based displays or high fidelity immersive 
environments. A few of these displays are discussed here. 
Head-mounted display (HMD) consists of a head gear (helmet) with usually two 
displays – one for each eye – and has the potential to provide a different image to each 
eye and hence can easily achieve stereoscopic vision. It is usually integrated with a head 
movement tracker. 
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Cave Automatic Virtual Environment (CAVE) consists of multiple rear projection 
screens ranging from three to six (complete immersion). A pair of images is projected, 
one for each eye, based on the users’ interaction. Using shutter glasses synchronized with 
the images, stereoscopic vision is achieved and users can see 3D objects and walk around 
them. 
Window VR from Virtual Research consists of a touch screen LCD panel 
suspended in space. Its position and orientation is tracked, and wherever pointed, it 
displays a section of the virtual environment to the user like a ‘window’ to the virtual 
world. 
Shutter-glasses like CrystalEyes from StereoGraphics or the IR Pro from 3DTV 
are worn like regular eye glasses, and they have small LCD screens (one for each eye) 
that operate like shutters (shutting off one eye at a time) synchronized with a display 
system such as a regular desktop monitor or a projection system and enable 3D stereo 
vision. 
 
Interaction devices 
There are a variety of interaction devices [Burdea and Coiffet 2003] available 
which can be used to specify input commands for movement in the virtual environment 
and the manipulation of objects 
6D mouse from Ascension Technologies is a hand held device which can provide 
position and orientation coordinates on six degrees of movement. 
SpaceNavigator, SpaceMouse and the Spaceball from 3Dconnexion are devices 
which allow for multiple axis interaction for motion control in VR. 
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Data Glove from 5DT and the CyberGlove from Immersion 3D are glove based 
interaction devices which can detect finger and hand movement for interaction with 
virtual environments. 
 
Spatial orientation systems 
Spatial orientation tracking is necessary to provide seamless virtual display 
responses to the user’s actions. An error in tracking or calibration can lead to loss of 
presence. 
One of the most popular tracking technologies is the Flock-of-Birds from 
Ascension. 
 
6.1.3 Virtual Reality assessment 
Virtual reality is most applicably defined as ‘immersive, interactive, multi-
sensory, viewer-centered, three-dimensional computer-generated environments and the 
combination of technologies required to build them’ [Cruz-Neira 1993]. As this definition 
suggests, creating a virtual environment (VE) requires immersing humans into a world 
completely generated by a computer. The human user becomes a real participate in this 
world, interacting and manipulating virtual objects. For virtual environments, presence, 
the subjective experience of being in one place or environment even when physically 
situated in another, becomes an important criterion. The success of using VR as a tool for 
training and job aiding, therefore should be highly dependent on the degree of presence 
experienced by the users of the virtual reality environment. 
 101
The degree of immersion has classically been measured by presence. 
Traditionally, presence had been defined as the psychological perception of being 
transported to or existing in a virtual environment [Sheridan, 1992; Witmer and Singer, 
1998]. Witmer and Singer [1998] define immersion as "a psychological state 
characterized by perceiving oneself to be enveloped by, included in, and interacting with 
an environment that provides a continuous stream of stimuli and experiences" and also 
state that VR environments geared towards providing a greater sense of immersion will 
produce higher levels of presence. A different point of view is taken by Slater and Wilbur 
[1997] who define immersion as "the extent to which computer displays are capable of 
delivering an inclusive, extensive, surrounding, and vivid illusion of reality to the senses 
of the VE participant." They are of the opinion that presence is determined by the extent 
to which VR hardware are capable of recreating the physiological sensations of the real 
world in the virtual world. 
Different assessment parameters are used for evaluating the effectiveness of VR. 
Sadowski, and Stanney, [2002] provide a detailed list of variables that influence 
presence. Some of the factors affecting performance in the simulator are presence, visual 
realism, haptics and user and interaction constraints.  Slater and Usoh [1993] describe 
system factors as external factors that relate to how well the system replicates the real 
world equivalent. The relative importance of these factors in a training scenario are task 
dependent [Stanney et al. 1998]. In some of the tasks, increased visual realism leads to an 
increased expectation of behavioral realism [Garau et al. 2003]. Studies conducted to 
evaluate the aircraft inspection simulations found a high degree of “presence” and 
correlation between the real world and the simulated environment [Vora, et al. 2001]. 
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Most of the studies have failed to follow up on the impact of simulator training on 
performance in the real world. Due to the non-uniform experiences of the users, as well 
as the subjective nature of the responses, there have been some controversies regarding 
the appropriateness of using presence in predicting simulator effectiveness and user 
performance [Slater, 1999; Usoh, et al. 2000]. Though presence is a popular parameter 
for evaluating virtual environments, it has been suggested that the evaluation of virtual 
environments should not be limited to the subjective feeling of being transported to a 
different scenario [Casati and Pasquinelli, 2005]. The literature suggests various other 
parameters to be evaluated. It has been shown that there is a tradeoff between the 
temporal and visual fidelity in virtual simulators [Watson, et al. 1998]. Haptic illusions 
have been experienced by participants in virtual environments and were attributed to 
multimodal interaction among the senses and motor systems [Biocca et al. 2002]. The 
exploitation of the sensorimotor loop enables the user to act and to perceive the 
consequences of his action so as to create connections between his movements and his 
perceptual experiences [Casati and Pasquinelli, 2005]. Situation awareness and attention 
resource allocation also have been explored for measuring presence in a virtual 
environment [Draper et al. 1998]. Decreased situation awareness or reduced attention in 
the real world generally correlates to an increase in presence in the virtual environment 
[Riley et al. 2004]. The development of VR simulators have kept up with the advances in 
technology, and there is a tendency to fall into the trap of ‘gold plating’. This results in 
the technology being expensive ,and its benefits are lost as the colleges and small 
aviation maintenance firms cannot afford to implement such solutions. There is a need to 
have a selective fidelity [Schricker, and Lippe, 2004; Andrews, et al. 1996] approach to 
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find the trade-offs in using VR simulators for training. Experimentally, evaluating 
different parameters and using an iterative design process will lead to more effective 
training simulators suitable for specific tasks. 
 
6.1.4 VR based training in aviation 
In the aviation industry, VR simulators have been used for pilot training for a 
couple of decades now. Very realistic high fidelity simulators have been built to allow 
pilots to practice scenarios like landing an aircraft in a fog with minimal risk compared to 
training in a similar scenario in the real world.  
In the field of aircraft maintenance training, virtual reality simulators have been 
developed for inspection search training like the 3D cargobay simulator at [Duchowski et 
al. 2001, 2002] Clemson University. Past research has shown that participants 
experienced a high level of presence in the simulator [Vora et al. 2002]. Sadasivan et 
al.[2005] have also shown that feedforward search strategy information can be taught. In 
this study, the search strategy of an expert inspector was provided to novice inspectors in 
the form of a static coded display in the virtual environment. It was developed based on 
the analysis of eye tracking information collected from an expert inspector performing 
the inspection task in VR. There has also been an attempt to combine the benefits of on-
the-job training and virtual reality training in the development of a collaborative virtual 
environment (CVE) which allows an instructor and trainees to be immersed 
simultaneously in the same virtual environment.  
Current research aims at applying the research conducted in the laboratory 
environment to real world educational applications. This use of virtual reality technology 
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will enable educators to create and students to experience the complex aircraft 
maintenance environment for visual inspection in an educational classroom. Education 
literature [Huk and Flotto, 2003; Hodgins, 2000] has reported that highly interactive 
learner-centric training and education experiences can potentially result in significant 
improvement in student learning, retention, reinforcement and knowledge transfer. The 
need for effective and timely feedback, the ability to learn in a familiar work environment 
and the opportunity to practice increases the success of learners and results in faster 
transfer and longer retention of the newly acquired skills. The successful completion of 
this effort will satisfy the need for well-prepared students entering the aircraft 
maintenance industry and will lead to a better understanding of the use of VR as 
pedagogical tools to improve the instructional process. This study is critical to the 
curriculum integration effort since it provides recommendations for the design of training 
simulators based on an evaluation of different simulator setups with actual aircraft 
maintenance technology students performing simulated aircraft inspection tasks.  
 
6.1.5 Study objectives  
This study evaluated the effectiveness of VR simulators at varying levels of 
fidelity. Simulators were developed by combining two levels of graphic realism (3D and 
2.5D) with four levels of display interfaces (Desktop, Projector, WindowVR and HMD). 
The eight simulators were assessed on the basis of task performance, situation awareness 
and subjective measures of presence and workload. The analysis of the results led to 
recommendations for the design of VR simulators for curriculum integration in addition 
to general recommendations for virtual reality environments. 
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 6.2 Methodology 
6.2.1 Experimental setup and stimulus material 
The aircraft cargobay or the internal section of the fuselage is a section of the aircraft 
which is rich in different defect types. The inspection process involves the inspector 
visually examining the structural elements searching for defects like corrosion or cracks. 
This is a pure cognitive process and the skill to be acquired for this task is search strategy 
and knowledge of defects, their location, and severity. For the purpose of providing 
training for this task, a generic virtual reality simulator based on the cargobay of an 
L1011 aircraft (Figure 1) was developed. The simulator has been implemented at two 
levels of visual realism (graphic fidelity). The first version of the simulator was 
constructed using actual photographs of the aircraft cargobay texture-mapped onto a 
polygonal framework and will henceforth be referred to as the 2.5D cargobay (Figure 2). 
This simulator forms the basis of the low fidelity condition for visual realism as the 
simulator does not provide depth for the individual structural elements. The second high 
fidelity condition for visual realism was a 3D simulator (Figure 6.3) developed by 
modeling the structure of the entire aircraft cargobay using MAYA [Autodesk] and 
covering the model with synthetic textures to create the inspection training environment. 
This simulator allowed the trainee to perceive depth in all the structural elements of the 
aircraft cargobay and also allows for higher resolution textures providing added detail. 
These simulators were deployed with four different display mechanisms. Each 
display mechanism was coupled with the most suitable interaction mechanism, and these 
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combinations provided the four interaction modality levels: 1. Head Mounted Display 
(HMD), 2. Window VR, 3. Projector, and 4. A regular Desktop LCD screen (Figure 6.4). 
 
Figure 6.1 L1011 cargobay 
 
Figure 6.2. 2.5D cargobay environment 
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 Figure 6.3. 3D cargobay environment 
 
 
 
 
HMD Window VR Projector LCD monitor 
Figure 6.4. Display devices 
The simulators developed based on these display devices differ on four 
parameters: the level of visual immersion, the level of interaction immersion, effective 
quality of display and cost. 
Visual immersion is governed by the amount by which the real world is occluded 
from the user and replaced by the virtual world. The HMD provides the highest visual 
immersion. The other displays are similar in visual immersion and significantly inferior 
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to the HMD in this aspect. Interaction immersion will depend on how similar/natural 
interacting with the simulator is as compared with performing the task in the real world. 
The HMD also has the highest fidelity, as interaction with the environment is very natural 
- look around, walk around, point at defects.  
The Window VR provides the next highest level of interaction immersion as the 
user moves the ‘window’ in any direction desired – rotate or move up, down, left or right 
- and touch the defect to select.  
The projector and desktop monitor are similar in the degree to which they occlude 
the real world, but significantly higher performances have been observed for spatial tasks 
in a projector based environment as compared to the desktop [Bakdash et al. 2006.].  
The effective quality of the display depends on the image quality afforded by the 
display hardware and can be measured by retinal resolution ‘R’. We define retinal 
resolution as the effective resolution available at the retina, and R can be measured as the 
‘dots per visual angle’. Hence, we observe in Figure 6.5 below that the retinal resolution 
subtended by the desktop and the projector is the same even though the projector is a 
much larger display. All the display devices under consideration have a resolution of 
1280x1024 but they may differ in retinal resolution depending on the distance of the 
display from the user. We controlled this parameter in the study by adjusting the distance 
of the display from the users’ eye to subtend the same retinal resolution. With respect to 
cost of hardware and setup, the HMD would be the most expensive, followed by the 
Window VR, then the projector, and the cheapest to implement would be the LCD 
monitor. Thus we can rank the different display interfaces based on fidelity as shown in 
Table 6.1. 
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Table 6.1. Fidelity based ranking of display interfaces 
Display Interface Fidelity 
Parameter HMD Window VR Projector LCD Monitor 
Immersion High Low Low Low 
Interaction High + High Low + Low 
Display quality Control Control Control Control 
Cost High + High Low + Low 
Rank I II III IV 
 
 
Figure 6.5. Retinal resolution for desktop and projector 
Different interfaces and controls for interacting with the simulator were evaluated 
for each display condition. For the HMD, the choice of controls was the natural 
movement in the environment (walking and looking around), and a 6DoF mouse was 
provided to the user as a laser pointer for selecting defects in the environment. Since the 
Desktop 
1280x1024 
Projector 
1280x1024
1.5’ 10’
Eye VA 
Retinal Resolution R = 
1024/VA 
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range of the HMD sensors was limited, two buttons on the 6DoF mouse allowed the user 
to move forward and backward in the environment. Due to constraints associated with the 
other display environments, we needed to select interaction devices and controls to 
provide a similar level of interaction available to the user. There were many interaction 
possibilities with each device, and prior studies explored different interaction devices to 
be used as control interfaces for each display condition and experimentally evaluated 
their merits based on task performance and subjective questionnaires. 
The Window VR consists of a touch screen monitor (window) integrated with a Flock of 
Birds (FOB) tracker that is suspended, and the user can orient the touch screen in any 
direction. The interfaces for the Window VR simulator had the orientation information 
(turn left, right, up or down) mapped to the orientation of the screen, and the position 
(step front/back and left/right) was controlled by D-pad controllers attached to the grasps 
for the screen. The user selected defects by touching the defect on the screen. 
The interface for the Projector based display used the Microsoft XPAD controller 
with a D-pad and two thumb-stick controllers. Position (step front/back and left/right) 
was controlled by using the D-pad controller while the cursor and orientation were 
 
Figure 6.6. Fidelity levels 
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controlled by using the left and right thumb-stick controllers respectively. Defects were 
selected by aligning the cursor with the defect and depressing button 7/8. 
The interface for the Desktop display was based on the keyboard and mouse. The 
keyboard was used for position control mapped to either the arrow keys or the WASD 
keys. The mouse was overloaded to provide both orientation and targeting information. 
The user selected defects by aligning the targeting cursor with the defect and pressing the 
left click button on the mouse.  The user had to switch between using the mouse to 
change the view of the environment and using the cursor to target defects on the screen. 
This was accomplished by having the participant depress the right click button on the 
mouse to toggle between the orientation and targeting control. 
The scenarios used in this study are variations of a virtual reality model of an 
aircraft aft cargo bay similar to the one in a Lockheed L1011 aircraft. Six variants of the 
cargo bay scenario were used for each of the graphic fidelity (2.5 D and 3D) conditions: 
A familiarization scenario with the different types of defects highlighted was used to 
familiarize participants with virtual reality and to allow them to become accustomed to 
the cargo bay environment. This scenario also presented highlighted examples of the 
different types of defects used in the study. The second scenario was a practice scenario 
where the trainee could get acclimated to the control interface and practice manipulating 
their view in the environment and selecting defects. Participants performed inspection 
tasks using four additional multiple defect inspection scenarios. These scenarios were 
constructed to be equivalent in task difficulty (identical distribution of defect types and 
similar locations). The 2.5D scenario contained twenty-five defects of the following 
types: crack, corrosion, broken electrical conduit, abrasion and hole. The 3D scenario was 
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larger and contained thirty-six defects of the following types: crack, corrosion, abrasion, 
foreign object, missing rivet/bolt and hole. The 3D scenario had a larger number of 
defects to balance the number of defects per unit area of the scenario.  
Two types of distracters were used for this study to enable measurement of 
participant’s situation awareness while performing the inspection task. The lower the 
situation awareness, the higher the presence experienced by the users. The visual 
distracter consisted of a flash of light focused on a region around the VR display. The 
region was defined within 20 degrees and 40 degrees of visual angle offset from the outer 
edges of the display so that the light flash is not in the foveal area but is detected by the 
peripheral vision. The auditory distracters consisted of distinct obscure tracks of music 
played during the task. Four kinds of music played during the task were Western 
Classical, Opera, Indian Classical and Armenian Folk. 
 
6.2.2 Experimental Design 
There were two factors being studied: graphic fidelity at two levels (3D and 2.5D) 
and interface modality at four levels (Desktop, Projector, Window VR and Head 
Mounted Display). The experiment was designed as a split-plot design (Figure 6.7). 
Graphic fidelity was the between subject factor and interface modality was the within 
subjects factor. 
 
6.2.3 Participants 
Twenty four students from the Aviation Maintenance Program at Greenville 
Technical College participated in this research. The participants were randomly 
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distributed into two groups. Each group was assigned to one of the two graphic fidelity 
conditions.  
 
Graphic Fidelity (Between Subjects Factor) 
Low Level 2.5D  
 
High Level 3D   
 
 
 
Figure 6.7. Split-plot design 
 
 
 
 
 
 
 
 
Figure 6.8. Evaluation of cognitive training simulator at different levels of display 
modality 
 
6.2.4 Procedure 
Participants were initially briefed on the purpose and structure of the study and 
introduced to the distracters. They were then immersed in the familiarization scenario to 
Inspection 
Environment 
Familiarization 
Practice with 
Simulator 1 
Practice with 
Simulator 2 
Inspection task 
using Simulator 1 
Inspection task 
using Simulator 2
Inspection task 
using Simulator 3
Practice with 
Simulator 3 
Inspection task 
using Simulator 4
Practice with 
Simulator 4 
Questionnaire 
Questionnaire 
Questionnaire 
Questionnaire 
Desktop 
Level 1 
Projector 
Level 2 
WindowVR
Level 3 
HMD 
Level 4
Interface Fidelity (Within Subjects Factor) 
Desktop
Level 1
Projector 
Level 2 
WindowVR
Level 3 
HMD 
Level 4
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get accustomed to the environment and the defects occurring in the environment. This 
was followed by each participants being immersed in a practice scenario using their first 
interface performing an inspection task using the interface and completing a 
questionnaire. This sequence of practice scenario, inspection task, and questionnaire was 
repeated by each participant using the other three inspection task interfaces (Figure 6.8). 
The interfaces were counterbalanced to account for potential order effects.  
The inspection task time for the participants using the 2.5D scenarios was limited 
to 4 minutes while that for the 3D scenario was limited to 7 minutes. These times were 
set based on prior studies with experienced users of the simulators to balance the 
inspection tasks for the two scenarios containing different number of defects. The 
participants were provided with the secondary distracter tasks during both the practice 
scenario and the inspection task. The participants were asked to call out a change in the 
audio track or when they noticed a flash. There were five light flashes and four auditory 
changes during each task. The audio tracks were ordered randomly. Once the participant 
completed an inspection task, they were asked to select the music type of the last track 
played and also provide the level of confidence they had in their selection on a five point 
scale ranging from ‘guess’ (1) to ‘absolutely certain’ (5). If they detected a track change 
within 10 secs, they were given full points, and when they took longer to notice a change 
in the audio track, it was recorded as half a point. Each participant completed a subjective 
questionnaire evaluating presence and workload following the use of each VR simulator. 
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6.2.5 Measures  
Task performance was measured as the percentage of the total defects detected by 
the participants using each interface type. Situation Awareness was assessed using 
detection percentages for audio track changes and light flashes by the participants using 
each interface type. The audio recollection score was calculated by multiplying the 
correctness (0 if incorrect and 1 if correct) of the participants’ selection of the last played 
audio track for each task with their confidence scores for the selection. 
After the completion of all the tasks, the participants were asked to rank the four 
simulator setups by order of preference from 1 through 4 – with 1 being most preferable 
and 4 being the least preferable. 
The participants recorded responses to a subjective questionnaire on a 5 point 
Likert scale ranging from strongly disagree (1) to strongly agree (5) with 3 being the 
neutral point. The questionnaire was a modified Witmer-Singer [1998] presence 
questionnaire combined with a NASA TLX [Hart and Staveland 1988] questionnaire. In 
addition, the participants were asked questions pertaining to the application of VR 
simulators for training at Greenville Technical college. 
  
6.3 Results  
The percent defect detection (Appendix E1) was analyzed using the PROC 
MIXED procedure (Appendix E2) in SAS. The main effects of graphical fidelity and 
interaction modality were found to be significant (P<0.0001) and there was no interaction 
between the two  
 116
 Figure 6.9. Mean performance for graphic fidelity 
factors. The analysis of the percent defect detection for the graphical fidelity factor 
(Figure 6.9) shows that the participants performing the inspection tasks in the 2.5D 
simulator (mean = 72.92%) performed significantly better than the participants 
performing the inspection tasks in the 3D simulator (mean = 53.24%). The LSD analysis 
(Appendix E3) of the interaction modality factor (Figure 6.10) showed that the Window 
VR (mean = 73.05%) and Desktop  
 
Figure 6.10. Mean performance for interaction modality 
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(mean = 69.65%) based simulators resulted in significantly better defect detection 
performance compared to the Projector (mean = 56.89%) and HMD (mean = 52.71%) 
based simulators. 
Situation Awareness measures consisted of auditory (Appendix E4, E5) and 
visual (Appendix E6) distracters analyzed using the PROC MIXED procedure in SAS. 
There were no differences in the participant’s detection of the change in audio tracks 
(Appendix E7) for the graphical fidelity factor (P>0.05) (Figure 6.11) but there was a 
significant difference in the participant’s detection of the change in audio tracks for the 
interaction modality factor (P<0.0002) (Figure 6.12). The LSD analysis (Appendix E8) 
shows that percent detection of audio track changes for the Desktop (mean = 53.66%), 
Window VR (mean = 51.56%) and Projector (mean = 48.96%) based simulators was 
found to be higher than the percent detection of audio track changes for the HMD (mean 
= 30.21%) based simulators. 
 
Figure 6.11. Mean audio detection for graphic fidelity 
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 Figure 6.12. Mean audio detection for interaction modality 
The analysis of the participant’s recollection scores of the last audio track played 
during their inspection task showed no significant differences (Appendix E9) for either 
the graphical (Figure 6.13) or the interaction modality (Figure 6.14) factors.  
Analysis of the participants’ percent flash detection (Appendix E10) while 
performing the inspection task shows a significant effect of both graphical fidelity 
(P<0.02) (Figure 6.15) and interaction modality (P<0.0001) (Figure 6.16) and no 
interaction effects. The participants’ percent flash detection while performing the 
inspection task was significantly better in the 2.5D simulator (mean = 83.33%) compared 
to the 3D simulator (mean = 72.92%). The LSD analysis (Appendix E11) on the 
participant’s percent flash detection for the interaction modality condition shows that the 
flash detection was significantly higher for the Desktop (mean  
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 Figure 6.13. Mean audio recognition for graphic fidelity 
 
Figure 6.14. Mean audio recognition for interaction modality 
 
=90.00%) and the Projector (mean = 75.83%) compared to the Window VR (mean = 
57.50%) which had significantly higher percent detection scores compared to the HMD 
(mean = 72.92%). 
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 Figure 6.15. Mean flash detection for graphic fidelity 
 
Figure 6.16. Mean flash detection for interaction modality 
 
The analysis of the overall participant’s ranking of the interfaces using the 
Friedman test (Appendix E12) shows significant differences (P<0.0001) between the four 
interfaces. The analysis was consistent over the 3D and 2.5D visual fidelity conditions. 
The LSD analysis (Appendix E13) performed on the data is shown in Table 6.2 below. 
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The mean ranks for the interface conditions are as follows: 1.58 for the Window VR, 2.25 
for the Projector, 2.83 for the Desktop and 3.33 for the HMD.  
Table 6.2. LSD analysis of ranks for the interface conditions 
Different? Projector Window VR HMD 
Desktop maybe not Different maybe not 
Projector  maybe not Different 
Window VR   Different 
 
The subjective measures were analyzed using the Kruskal Wallis test for the 
visual fidelity (Appendix E14) (between subjects factor) and the Friedman test for the 
interaction modality (Appendix E15) (within subjects factor). The results for the analysis 
along with the means (Appendix E16) of the responses are shown below in Table 6.3. 
Table 6.3. Subjective Data Analysis 
  Graphic Interface Graphic Interface
No Question 2.5D 3D Desktop Projector WindowVR HMD Kruskal Wallis Friedman
1 The environment was responsive to actions that I initiated. 4.02 3.21 3.38 3.63 4.13 3.33 S S 
2 The interactions with the environment seemed natural. 3.56 2.96 2.83 3.33 3.92 2.96 S S 
3 I was involved by the visual aspects of the environment. 3.90 3.60 3.63 3.71 4.08 3.58 NS S 
4 The mechanism which controlled movement through the environment seemed natural. 3.44 2.81 2.71 3.13 3.79 2.88 S S 
5 I was able to anticipate what would happen next in response to the actions that I performed. 3.79 3.52 3.29 3.92 4.13 3.29 NS S 
6 I could examine objects from multiple viewpoints. 4.10 3.50 3.25 4.04 4.29 3.63 S S 
7 I was involved in the simulated inspection experience. 4.08 3.94 3.92 4.00 4.29 3.83 NS S 
8 The control mechanism was distracting. 2.88 3.00 3.25 2.79 1.96 3.75 NS S 
9 There was no delay between my actions and expected outcomes. 3.92 3.38 3.91 3.79 4.00 2.92 S S 
10 I adjusted quickly to the interface used for the virtual environment experience. 3.81 3.54 3.46 3.83 4.33 3.08 NS S 
11 I feel proficient in moving and interacting with the virtual environment using this interface. 3.60 3.26 3.00 3.50 3.96 2.71 S S 
12 I could effortlessly manipulate the mechanism for defect selection in the virtual environment. 3.52 2.96 3.08 3.33 4.00 2.54 S S 
13 It was easy for me to select defects using this interface. 3.69 3.27 3.63 3.58 4.33 2.38 NS S 
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14 The control devices interfered with performing the task. 2.83 3.06 3.33 2.50 2.50 3.25 NS S 
15 I could concentrate on the task rather than on the mechanisms used to perform the task. 3.54 3.54 3.54 3.46 4.13 2.83 NS S 
16 I would personally prefer this interface for inspection training using virtual reality. 3.42 3.06 2.71 3.54 3.92 2.79 NS S 
17 
The mental and perceptual activity required (e.g., 
thinking, deciding, calculating, remembering, looking, 
searching, etc.) was very high. 
3.04 3.21 2.88 3.04 3.29 3.29 NS NS 
18 The physical activity required (e.g., pushing, pulling, turning, controlling, activating, etc.) was very high. 2.04 2.52 1.63 1.83 2.96 2.71 NS S 
19 I felt pressured for time due to the rate or pace at which the tasks or task elements occurred. 2.40 1.99 2.06 2.25 2.04 2.42 NS NS 
20 I had to work (mentally and physically) very hard to accomplish my level of performance. 2.10 2.38 1.92 2.21 2.17 2.64 NS S 
21 I think I was successful in accomplishing the goals of the task. 3.88 3.44 3.96 3.67 3.83 3.17 NS S 
22 
I felt frustrated (insecure, discouraged, irritated, 
stressed and annoyed versus secure, gratified, 
content, relaxed and complacent) during the task. 
2.02 2.21 2.17 2.00 1.63 2.67 NS S 
23 The VR training simulators have been a helpful lab tool for learning airframe inspection. 3.82 3.63 3.79 3.71 3.75 3.65 NS NS 
24 The use of the VR training simulators for teaching is a good use of advanced technology. 4.19 4.04 4.04 4.17 4.25 4.00 NS NS 
25 Seeing the VR training simulators made me more interested in learning about airframe inspection. 3.81 3.46 3.54 3.71 3.67 3.63 NS NS 
26 Getting to use the VR training simulators made my class more enjoyable. 3.96 3.71 3.79 3.83 3.96 3.75 NS NS 
27 Using the VR training simulators helped me to improve my inspection performance. 3.65 3.44 3.63 3.50 3.63 3.42 NS NS 
28 
The VR training simulators and lab will encourage 
more students to be interested in Greenville Tech’s 
Aviation Maintenance Program. 
4.23 3.67 4.04 3.92 4.00 3.83 S NS 
29 I could pay attention to the audio tracks while performing the tasks. 3.44 2.90 3.29 3.29 3.17 2.92 S NS 
 
6.4 Discussion 
Task performance result analysis shows that the participants performing the 
inspection task in the 2.5D environment performed significantly better than the 
participants performing the inspection task in the 3D environment. We also see that the 
Window VR and Desktop led to higher performance scores compared to the Projector 
and HMD. 
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Lower Situation Awareness can be attributed to higher presence during the 
inspection task. The participants had higher awareness of the visual distracters compared 
to the auditory distracters. Considering that the inspection task was a visual search task, 
the higher awareness of visual distracters is not surprising. It is interesting to note the 
difference in the audio detection based on the interface used for the inspection task. The 
higher fidelity HMD interface led to significantly lower audio change detection compared 
to the other interfaces which can be interpreted as a higher level of presence when 
performing the inspection task using the HMD interface. Awareness of light flashes was 
lower in higher fidelity graphical and interface conditions. Again this can be attributed to 
the higher presence experienced by the participants in the higher fidelity conditions. 
Although higher fidelity conditions afford higher presence for the inspection task, 
the task performance does not necessarily increase with higher fidelity. Lower visual 
fidelity (2.5D graphics) led to significantly better task performance compared to the 
higher visual fidelity (3D graphics) condition. For interaction modality conditions, the 
Desktop and Window VR interfaces led to higher task performance compared to the 
Projector and HMD condition. Hence it can be said that higher fidelity does not 
contribute to higher performance. 
The analysis of the participants’ responses to the subjective questions allows for 
an understanding of their perception of the different fidelity conditions based on 
presence, navigation, interaction, and workload parameters. In the visual fidelity 
condition, there were no significant differences in the visual aspects, anticipated 
responses, or level of involvement in the environments. There were no significant 
differences in the adjustment to the interfaces, defect selection mechanism and task 
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interference of the control device for both the visual fidelity conditions. There was no 
significant difference in perceived mental or physical workload between the two visual 
fidelity conditions. In the case of the participants’ perception of the responsiveness of the 
environment, interaction with the environment and navigation being natural and the delay 
between actions and expected outcomes, the 2.5D condition was found to be significantly 
better than the 3D condition. This can be explained by the participants experiencing a 
higher temporal delay in the rendering of the higher graphic fidelity textures using the 3D 
simulator compared the experience of the participants using the lower fidelity 2.5D 
simulator. The participants using the 2.5D condition found the simulator better in gaining 
proficiency in navigation and interacting with the environment as well as in the effort 
required for defect selection in the inspection task. This is understandable since the 3D 
environment requires more intricate navigation to acquire the required orientation and 
inspection views for the task compared to the 2.5D simulator. The 3D graphics based 
simulator task had longer time allocation (7 minutes) compared to the time limit (4 
minutes) for the inspection task using the 2.5 simulator. Even though the tasks were 
balanced for the difficulty of detecting defects and the size and complexity of the 
environment using prior studies, a difference in task performance was detected. The 
participants performing the inspection task using the 2.5D environment performed better 
than participants performing the inspection task using the 3D environment. This could be 
attributed to the participants using the 2.5D simulators getting proficient with the controls 
faster than the participants using the 3D simulators. 
The subjective responses for the interaction modality condition were analyzed 
using the Friedman test. There was no significant difference found between the responses 
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for the four interface conditions in the participants’ perception of cognitive workload, 
time pressure experienced or the ability to pay attention to the auditory distracters. 
Results of the LSD (Appendix E17) procedure applied to the questions that had 
significant differences between the participants’ responses for the different interface 
conditions are presented in Table 6.4 below. 
Table 6.4. LSD Analysis of subjective measures found significantly different for 
interaction modality using Friedman test. 
 
Question 1 Different? Projector WindowVR HMD 
Desktop maybe not maybe not maybe not 
Projector  maybe not maybe not 
The environment was responsive to 
actions that I initiated. 
WindowVR   different 
 
Question 2 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not maybe not 
The interactions with the environment 
seemed natural. 
WindowVR   different 
 
Question 3 Different? Projector WindowVR HMD 
Desktop maybe not maybe not maybe not 
Projector  maybe not maybe not 
I was involved by the visual aspects of 
the environment. 
WindowVR   different 
 
Question 4 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  different maybe not 
The mechanism which controlled 
movement through the environment 
seemed natural. WindowVR   different 
 
Question 5 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not maybe not 
I was able to anticipate what would 
happen next in response to the actions 
that I performed. WindowVR   different 
 
Question 6 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not maybe not 
I could examine objects from multiple 
viewpoints. 
WindowVR   different 
 
Question 7 Different? Projector WindowVR HMD 
Desktop maybe not maybe not maybe not 
Projector  maybe not maybe not 
I was involved in the simulated 
inspection experience. 
WindowVR   different 
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Question 8 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not different 
The control mechanism was distracting. 
WindowVR   different 
 
Question 9 Different? Projector WindowVR HMD 
Desktop maybe not maybe not different 
Projector  maybe not different 
There was no delay between my 
actions and expected outcomes. 
WindowVR   different 
 
Question 10 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not different 
I adjusted quickly to the interface used 
for the virtual environment experience. 
WindowVR   different 
 
Question 11 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not different 
I feel proficient in moving and 
interacting with the virtual environment 
using this interface. WindowVR   different 
 
Question 12 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not different 
I could effortlessly manipulate the 
mechanism for defect selection in the 
virtual environment. WindowVR   different 
 
Question 13 Different? Projector WindowVR HMD 
Desktop maybe not different different 
Projector  different different 
It was easy for me to select defects 
using this interface. 
WindowVR   different 
 
Question 14 Different? Projector WindowVR HMD 
Desktop different maybe not maybe not 
Projector  maybe not different 
The control devices interfered with 
performing the task. 
WindowVR   maybe not 
 
Question 15 Different? Projector WindowVR HMD 
Desktop maybe not maybe not different 
Projector  maybe not different 
I could concentrate on the task rather 
than on the mechanisms used to 
perform the task. WindowVR   different 
 
Question 16 Different? Projector WindowVR HMD 
Desktop maybe not different maybe not 
Projector  maybe not maybe not 
I would personally prefer this interface 
for inspection training using virtual 
reality. WindowVR   different 
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Question 18 Different? Projector WindowVR HMD 
Desktop maybe not different different 
Projector  different different 
The physical activity required (e.g., 
pushing, pulling, turning, controlling, 
activating, etc.) was very high. WindowVR   maybe not 
 
Question 20 Different? Projector WindowVR HMD 
Desktop maybe not maybe not different 
Projector  maybe not maybe not 
I had to work (mentally and physically) 
very hard to accomplish my level of 
performance. WindowVR   maybe not 
 
Question 21 Different? Projector WindowVR HMD 
Desktop maybe not maybe not different 
Projector  maybe not maybe not 
I think I was successful in 
accomplishing the goals of the task. 
WindowVR   different 
 
Question 22 Different? Projector WindowVR HMD 
Desktop maybe not maybe not different 
Projector  maybe not different 
I felt frustrated (insecure, discouraged, 
irritated, stressed and annoyed versus 
secure, gratified, content, relaxed and 
complacent) during the task. 
WindowVR 
  
different 
 
 
The participants found the WindowVR to be more responsive compared to the 
HMD.  They felt that the interaction with the WindowVR interface was more natural 
compared to the Desktop or the HMD and they also found the movement control 
mechanism for the WindowVR to be better than the other three interfaces. The 
participants found the control mechanism for the HMD interface to be distracting 
compared to the Projector and WindowVR. The Desktop control mechanism was also 
found to be distracting compared to the WindowVR. The participants felt that the 
WindowVR and the Projector were quick to adjust to and they felt proficient in moving 
and interacting with the virtual environment using those interfaces compared to the HMD 
and the Desktop. The WindowVR allowed the participants to better examine objects from 
multiple viewpoints compared to the Desktop or the HMD interfaces. Since the 
inspection task necessitates the participants to systematically cover the scenario and 
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search for defects, the higher level of interaction afforded by the WindowVR interface 
seems to be beneficial. The interaction with the Projector based simulator was controlled 
using the XBOX controller which had independent controls for the position, orientation 
and cursor control. Though the HMD allows more natural mapping to navigate (walking 
and looking around) the scenario compared to the Desktop and Projector, it is not the best 
interface for inspection tasks in large scenarios since it is constrained by the range of 
movement it allows. The range was enhanced using the mouse buttons to move forward 
and backward, but since there were no buttons for moving sideways, the users had to 
simulate side steps by changing their orientation, moving forward using the mouse and 
changing their orientation back to the original direction. Therefore interaction using this 
interface was unnatural for navigating the environment. Similarly, the mouse was 
overloaded for orientation and cursor control in the Desktop which contributed to the 
participants finding it more difficult to adjust to the interface compared to the 
WindowVR and Projector interfaces.   
The participants felt that they were more involved with the visual aspects of the 
environment when using the WindowVR compared to the HMD. They were able to better 
anticipate what would happen next in response to the actions performed in the Window 
VR compared to the HMD and Desktop. The participants felt more involved in the 
WindowVR condition compared to the HMD interface condition. The participants rated 
the HMD lower than the other interfaces in their perception of there being no delays 
between their actions and expected outcomes. This is surprising since the HMD is a more 
immersive environment compared to the WindowVR. The higher expectations from the 
more immersive condition coupled with its limitations in providing more natural 
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movement due to the size of the environment would explain the lower levels of presence 
perceived by the participants. 
The participants found the defect selection mechanism to be effortless for the 
WindowVR and the Projector interface compared to HMD and the Desktop. The 
WindowVR interface was reported to be the easiest for defect selection followed by the 
Desktop and Projector with the HMD being the least easy to use. The participants felt that 
the control device interfered with the task more in the HMD and the Desktop compared 
to the Projector. They felt that all other interfaces were superior to the HMD interface in 
letting the participant concentrate on the task rather than the mechanism used to perform 
the task.  
Participants experienced higher physical workload while using the WindowVR 
and HMD interfaces compared to the Projector and Desktop conditions.  This is 
understandable since the participants had to hold the touch screen and manipulate it to 
achieve the desired view. They also had to hold it in position with one hand while 
selecting defects with the other. The participants reported higher overall (mental and 
physical) workload in the HMD interface compared to the Desktop interface. They also 
expressed higher frustration with the HMD compared to the other interfaces. 
The participants felt that they were more successful in accomplishing the goals of 
the task when using the Desktop or the WindowVR compared to the HMD interface. The 
participants reported that they preferred the WindowVR to the HMD or Desktop 
interfaces for inspection training using virtual reality.  
The HMD interface used the 6DoF mouse as a pointer for target selection. This 
allowed them to point anywhere in the virtual environment; whereas, in all other 
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interfaces, the target cursor was within the field of view of the participant. This 
contributed to the participants losing the cursor in the HMD based environment. The 
pointer relies on the position and orientation of the 6DoF mouse in space derived from 
the Flock of Birds sensor. If the mouse is positioned beyond the range of the sensor, the 
pointer gets unsteady and the user has to delicately guide it to the target or change the 
position of the mouse so that it is within the range of the magnetic field. This would 
explain the frustrations of the participants with defect selection when using the HMD 
interface even though the 6DoF mouse based pointing was the most efficient pointing 
method.  
 
6.5 Conclusions 
Based on the results of this study, we can make the following recommendations. 
If the training task is not specific to the detail that the 3D environment offers, the 2.5D 
environment is preferred since it is easy and efficient to use, cost effective to build and 
implement and requires lesser computational resources. If the 3D environment needs to 
be used, it is recommended that investments must be made in computational resources to 
alleviate the effects of temporal lag. It is also advised that users be provided with 
sufficient practice sessions to get accustomed to navigating the environment. Overall the 
WindowVR interface performed extremely well in all aspects examined. The 
disadvantage of the WindowVR is the physical workload experienced by the participants 
when using the interface which would make it unsuitable for extended sessions. In 
situations where the WindowVR is cost prohibitive, it is recommended to use the 
Projector based display. 
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We have found that the Head Mounted Display provides a reduction in the 
awareness of the real world. Therefore, iIt would be advisable to use the HMD in tasks 
that require a higher level of presence. It is important to note that the scenarios used for 
such tasks should either be small or they should not require specific position and 
orientation manipulations since these can frustrate the user if not implemented properly. 
It is recommended to use independent controls for the different position and orientation 
manipulations when interacting with a virtual environment. 
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 CHAPTER SEVEN 
CONCLUSIONS AND EXTENSIONS 
 
7.1 Conclusions 
Research reported in the earlier chapters was primarily geared towards developing 
aircraft inspection training simulators. These simulators are intended to be used for 
providing inspection training in aircraft maintenance programs at technical colleges and 
in small maintenance facilities. The scenario that was chosen as a first step in 
implementing a synthetic inspection training environment was the aft cargobay of a wide 
body aircraft. The aft cargobay offers a defect rich environment suitable for training. 
Since most technical colleges and maintenance facilities do not have access to wide body 
aircraft, the VR simulators offer novice inspectors ample opportunity to be exposed to the 
inspection environment and defects scenarios before they encounter it in the real world. 
The asynchronous training provided in the synthetic environment allows instructors to 
monitor the students’ progress and provide feedback on task performance and the process 
adopted. The students have the ability to formulate, practice and improve their inspection 
strategy and performance in the synthetic environment. 
In this research, we identify suitable interfaces for delivering the inspection 
training. This was followed by the transfer effects study that evaluated the effectiveness 
of the VR training in imparting inspection skills that transfer to real world tasks. In 
addition this research evaluated simulators at different levels of display and graphic 
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fidelity with an aim to study the effects of fidelity on performance, presence, situation 
awareness and workload.  
 
In the first study we explored different interfaces for delivering VR based aircraft 
inspection training. Four interfaces were considered for displaying the VR simulators: 
head mounted display (HMD), WindowVR display, projector based display and the 
desktop based display. The head mounted display is the most immersive display system 
and the interaction with the environment is natural and intuitive. The HMD allows users 
to move around and look around as they would in a real environment. The hand held 
6DoF mouse (wand) for target selection is also intuitive to use since it is similar to 
pointing with a laser pointer. In case of the aircraft inspection scenario used in this study, 
the scenario was large and since it was beyond the range of the HMD, two buttons on the 
6DoF mouse were used to move forward and backward in the scenario. The 6DoF mouse 
is limited by the number of controls it affords. It would be desirable to have controls that 
allow the user to move sideways (left and right) in addition to forward and backward.  
The WindowVR allows the user to manipulate the location and orientation of a 
touch screen LCD display (window) to acquire a view of the virtual scenario. The 
navigation is still natural since the user gets a view of the virtual environment by pointing 
the ‘window’ to the desired direction. In addition, since the environment was large, 
buttons on the D-Pad were used to change their position (front, back, left and right) 
within the environment. The two interfaces evaluated in this study differed in the target 
selection control mechanism. Target selection based on the touch-screen interface was 
found to be more efficient for performing the inspection task as compared to the fixed 
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targeting cursor at the center of the display though the users perceived the fixed cursor to 
be better for performing the task. Hence we have a tradeoff between the task performance 
and the perceived user friendliness of the two interfaces. When using the fixed targeting 
cursor, the user has to manipulate the display so that the defect coincides with the center 
of the display. This requires the view to be changed from one defect to another. In the 
case of the touchscreen based defect selection, the user can systematically inspect the 
scenario while selecting all the defects encountered in each view. Thus after further 
investigation, it is recommended to use the touch-screen based interface for inspection 
training using the WindowVR since it is more efficient and promotes systematic search 
strategy. 
The projector and desktop based displays are fixed relative to the user and the 
user has to consciously manipulate the environment using control interfaces to acquire 
the desired view. All the interfaces that were evaluated for the projector based VR 
training simulator were found to be equivalent in performance as well as in presence, 
ease of use and workload requirements. Basic human decision rules recommend the use 
of the X-Box controller for this interface since it is inexpensive and robust compared to 
the customized gamepad integrated with flock-of-birds sensors. 
The desktop based display was paired with three interfaces: a Keyboard-mouse 
combination, a game-pad and a joystick-touchscreen combination. It was found that the 
inspection task performance for the desktop based display when using the gamepad was 
inferior to the two other conditions which were found to be equivalent in performance. 
The users perceived the keyboard-mouse interface to be better than the gamepad interface 
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for accomplishing the goals of the task. Hence it is recommended to use the ubiquitous 
keyboard-mouse interface for providing VR based training using a desktop display.  
The cargobay inspection task scenario is similar to a variety of applications of 
Virtual Reality since it comprises of two generic functions. Navigation within the VR 
environment (orientation and position control) and target selection (point and select). It is 
expected that the results of this study can be applied to other VR application 
environments for education, training, and design. 
In the second study, Virtual Reality based training was provided to three groups 
of aircraft maintenance technology students and their performance in a real world aircraft 
inspection task was compared to the performance of a control group of students who did 
not receive the VR training. The three treatment groups received training using VR 
simulators at different levels of graphic realism and interaction modality. VR training 
was found to be effective in the transfer of inspection skills to real world aircraft 
inspection tasks. Higher fidelity graphics were found to be superior to lower fidelity 
graphics in achieving better inspection technique and defect identification skills but it 
also led to higher workload and temporal lag. Training provided on the higher fidelity 
interface – Head Mounted Display – resulted in higher inspection efficiency compared to 
the lower fidelity projector interface. Hence we have an increase in the effectiveness of 
the training provided with an increase in fidelity. 
Higher fidelity graphics resulted in a higher perception of workload and delayed 
responses compared to the lower fidelity graphics and this could be attributed to slight 
temporal lags in rendering of the higher fidelity graphic implementations. With advances 
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and ever increasing computational capabilities of graphic cards, this temporal lag will be 
alleviated and the benefits of the training could be superior. 
The final study evaluated the interaction of presence, performance, situation 
awareness and workload on eight VR based training simulators. The eight simulators 
were the result of combining two levels of graphic realism (high and low) with four 
levels of display fidelity (Desktop, Projector, WindowVR and HMD). Based on the 
results of this study, we can make the following recommendations. 
The 3D environment is synthetically built by modeling the environment and 
applying high quality textures to the model. The 2.5D environment is built by using 
actual photographs of the aircraft as textures on a polygon frame.  If the training task 
does not require the quality and detail that the 3D environment offers, the 2.5D 
environment should be preferred since it is easy and efficient to use, cost effective to 
build and implement and requires lesser computational resources. If the 3D environment 
needs to be used, it is recommended that investments must be made in computational 
resources to alleviate the effects of temporal lag. It is also advised that users be provided 
with practice sessions to get accustomed to navigating the environment. The WindowVR 
based simulator is found to be superior to the other display interfaces in providing 
inspection training using VR. The advantage of the WindowVR is that it allows for 
natural interaction with the VR environment but does not cause simulator sickness like 
the HMD. The disadvantage of the WindowVR is the physical workload experienced by 
the participants when using the interface which would make it unsuitable for extended 
sessions. In situations where the WindowVR is cost inhibitive or the task requires 
extended interaction sessions, it is recommended to use the Projector based display 
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system. The projector is already available in most classrooms and this would result in 
very little entry barriers in curriculum integration of VR based training simulators. 
The Head Mounted Display allows for a reduction in the awareness of the real 
world. It would be hence suitable to use the HMD in tasks that require a higher level of 
presence. This interface does come with a higher risk of inducing simulator sickness. 
When using the HMD based display system, it is suggested that scenarios used for the 
tasks should either be small or they should not require specific position and orientation 
manipulations since these can lead to frustrating the user if not implemented properly. It 
is recommended to use independent controls for the different position and orientation 
manipulations when interacting with a virtual environment. A directional pad (D-Pad) 
based control integrated with the ‘wand’ based pointing could make the HMD more 
suitable to inspection tasks. 
 This study has also shown how situation awareness can be used as an indicator of 
the level of presence in virtual tasks. Higher levels of presence does not seem to translate 
to better performance in inspection tasks.  
 
7.2 Future Work 
This research methodology could be extended to VR based training for different 
inspection domains such as Non Destructive Inspection (NDI), baggage inspection, 
cancer detection etc . In addition to evaluating pure cognitive skills, transfer effects 
studies could be conducted to evaluate the effectiveness of VR based training in 
improving psychomotor skills which would be applicable to NDI training simulators or 
non-invasive surgical training simulators. 
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It would be interesting to evaluate the effectiveness of inspection training using 
the WindowVR simulator compared to using the HMD based simulator in transfer of 
skills to real world tasks. In addition to the cargobay inspection tasks, other structural 
inspection scenarios could be constructed such as fuselage or landing gear inspection. 
The same studies could be replicated for these two scenarios and compared to the results 
of the cargobay scenario. The fuselage is a simpler but larger inspection environment 
while the landing gear is smaller but more detailed in structure compared to the cargobay. 
It would be interesting to see if there is a difference in the type of simulator setup that 
would be more suitable to each of these scenarios. 
It would also be interesting to see if modeling an exact replica of an inspection 
scenario for a VR training simulator will be more effective in transfer of inspection skills 
compared to a generic inspection training scenario.  Additional research could be pursued 
in the evaluation of the effectiveness of extended training sessions in VR along a 
structured curriculum. Traditional training design models would need to be validated for 
VR based training delivery. In addition to virtual reality based training, augmented reality 
based training could be investigated to be a transition between the virtual and real world. 
In inspection tasks, augmented reality could integrate visual cues and strategy 
information into the actual inspection scene. 
As VR technology evolves, we can expect to have better and more cost effective 
display systems and interfaces. The future holds promise of VR to be ubiquitous as a 
training and pedagogical aid. 
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Appendix A1: Inspection Performance (Hits) Data 
 
 
 Interface 
Subject Gamepad Joystick/Touchscreen Keyboard/Mouse 
1 20 20 20 
2 22 20 23 
3 18 23 23 
4 17 19 23 
5 5 12 9 
6 18 23 24 
7 24 24 22 
8 21 25 22 
9 13 22 25 
 
 
Appendix A2: Desktop Interface Hits Analysis SAS Output - ANOVA 
 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
                           Class          Levels    Values 
 
                           INTERFACE           3    G J K 
 
                           SUBJECT             9    1 2 3 4 5 6 7 8 9 
 
 
                             Number of Observations Read          27 
                             Number of Observations Used          27 
 
                               Desktop Interface Hits Analysis GLM                               
                                        The GLM Procedure 
 
Dependent Variable: HITS 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                       10     536.0000000      53.6000000       8.52    0.0001 
 
       Error                       16     100.6666667       6.2916667 
 
       Corrected Total             26     636.6666667 
 
 
                        R-Square     Coeff Var      Root MSE     HITS Mean 
 
                        0.841885      12.61166      2.508319      19.88889 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       SUBJECT                      8     462.0000000      57.7500000       9.18    0.0001 
       INTERFACE                    2      74.0000000      37.0000000       5.88    0.0122 
 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       SUBJECT                      8     462.0000000      57.7500000       9.18    0.0001 
       INTERFACE                    2      74.0000000      37.0000000       5.88    0.0122 
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Appendix A3: Desktop Interface Hits Analysis SAS Output - LSD 
 
                                        The GLM Procedure 
 
                                      t Tests (LSD) for HITS 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate. 
 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           16 
                              Error Mean Square            6.291667 
                              Critical Value of t           2.11991 
                              Least Significant Difference   2.5066 
 
 
                   Means with the same letter are not significantly different. 
 
 
                      t Grouping          Mean      N    INTERFACE 
 
                               A        21.222      9    K 
                               A 
                               A        20.889      9    J 
 
                               B        17.556      9    G 
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Appendix A4: Desktop Interface Subjective Data 
 
#     Question 
23 The environment was responsive to actions that I initiated. 
24 The interactions with the environment seemed natural. 
25 I was involved by the visual aspects of the environment. 
26 The mechanism which controlled movement through the environment seemed natural. 
27 I was able to anticipate what would happen next in response to the actions that I performed. 
28 I could examine objects from multiple viewpoints. 
29 I was involved in the simulated inspection experience.  
30 The control mechanism was distracting.  
31 There was no delay between my actions and expected outcomes.  
32 I adjusted quickly to the interface used for the virtual environment experience.  
33 I feel proficient in moving and interacting with the virtual environment using this interface. 
34 I could effortlessly manipulate the mechanism for defect selection in the virtual environment.  
35 It was easy for me to select defects using this interface. 
36 The control devices interfered with performing the task.  
37 I could concentrate on the task rather than on the mechanisms used to perform the task. 
38 I would personally prefer this interface for inspection training using virtual reality.  
39 The mental and perceptual activity required (e.g., thinking, deciding, calculating, remembering, looking, searching, etc.) 
was very high.  
40 The physical activity required (e.g., pushing, pulling, turning, controlling, activating, etc.) was very high.  
41 I felt pressured for time due to the rate or pace at which the tasks or task elements occurred. 
42 I had to work (mentally and physically) very hard to accomplish my level of performance.  
43 I think I was successful in accomplishing the goals of the task.  
44 I felt frustrated (insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, relaxed and 
complacent) during the task.  
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Interface Subject Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 
1 5 3 5 3 3 5 5 4 5 3 3 
2 4 3 3 4 4 4 3 2 4 2 3 
3 5 4 3 4 4 5 3 2 5 5 4 
4 5 5 5 5 4 5 5 5 5 5 5 
5 3 2 2 2 2 3 4 5 5 1 1 
6 5 5 4 4 4 5 4 2 3 4 4 
7 4 2 4 2 3 4 4 4 4 2 2 
8 4 4 4 4 5 4 4 1 5 5 5 
G
a
m
e
p
a
d
 
9 5 1 5 1 3 5 4 5 5 1 1 
1 5 5 5 5 5 5 5 1 5 5 5 
2 5 4 4 4 4 2 3 2 5 4 2 
3 4 4 3 4 4 4 4 3 5 3 4 
4 5 5 5 5 5 5 5 1 4 5 5 
5 5 4 3 4 3 4 5 2 5 3 4 
6 3 5 4 4 5 5 4 2 4 4 4 
7 3 2 4 2 4 5 4 3 4 3 3 
8 4 3 4 3 4 4 4 4 4 3 4 
J
o
y
s
t
i
c
k
/
T
o
u
c
h
s
c
r
e
e
n
 
9 5 5 5 5 5 5 5 4 5 4 5 
1 5 4 5 4 5 5 5 2 5 5 5 
2 4 3 3 2 4 4 3 2 5 4 3 
3 5 3 3 3 4 4 4 5 5 3 4 
4 5 5 5 5 4 5 5 1 5 5 4 
5 5 3 4 5 5 4 4 3 5 3 3 
6 5 4 4 4 5 4 4 1 3 5 5 
7 5 4 4 5 5 5 4 1 5 5 5 
8 4 3 4 4 3 4 4 4 5 4 4 K
e
y
b
o
a
r
d
/
M
o
u
s
e
 
9 5 5 5 5 5 5 5 3 5 4 5 
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Interface Subject Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 
1 3 2 4 3 3 4 4 2 3 4 3 
2 5 4 1 5 4 1 1 1 1 3 2 
3 4 4 2 4 3 2 1 1 2 4 1 
4 4 5 1 4 4 1 1 1 1 5 1 
5 2 1 4 1 2 4 4 5 4 1 3 
6 3 4 2 4 4 2 1 3 3 3 3 
7 2 2 3 2 1 3 3 3 3 4 2 
8 5 5 1 5 5 2 1 1 1 4 1 
G
a
m
e
p
a
d
 
9 1 3 5 1 1 5 1 2 4 1 3 
1 5 5 1 5 5 1 1 1 1 5 1 
2 4 5 2 3 3 2 1 2 2 4 3 
3 4 4 3 3 4 2 1 1 1 4 2 
4 5 5 1 5 5 1 5 1 1 5 1 
5 3 2 4 2 2 3 4 5 4 2 3 
6 3 5 2 5 5 1 2 2 2 4 2 
7 2 5 4 3 2 3 3 2 3 4 2 
8 5 5 4 3 2 1 3 1 3 4 2 
J
o
y
s
t
i
c
k
/
T
o
u
c
h
s
c
r
e
e
n
 
9 4 5 1 4 4 1 1 1 1 5 1 
1 5 5 2 5 3 3 4 2 2 5 2 
2 4 4 1 5 3 2 1 1 1 5 2 
3 2 3 4 4 2 3 1 1 2 4 4 
4 4 4 5 4 4 1 1 1 1 5 1 
5 5 5 2 3 3 4 2 4 3 3 3 
6 4 4 2 5 5 1 1 2 1 4 2 
7 4 5 2 4 5 2 1 2 2 4 2 
8 4 4 2 4 3 2 1 1 1 4 2 K
e
y
b
o
a
r
d
/
M
o
u
s
e
 
9 5 5 4 5 3 2 1 2 1 2 1 
 
Appendix A5: Desktop Interface Subjective Analysis SAS Output – Friedman Test 
 
 
                                FRIEDMAN TEST Desktop Subjective                                
 
----------------------------------------- QUESTION=Q01 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.7813    0.3768 
                    2        Row Mean Scores Differ     2      1.6250    0.4437 
 
 
                                     Total Sample Size = 27 
 
 
                                FRIEDMAN TEST Desktop Subjective                                
 
----------------------------------------- QUESTION=Q02 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.0192    0.8897 
                    2        Row Mean Scores Differ     2      2.8462    0.2410 
 
 
                                     Total Sample Size = 27 
 
 
                                FRIEDMAN TEST Desktop Subjective                                
 
----------------------------------------- QUESTION=Q03 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.1429    0.2850 
                    2        Row Mean Scores Differ     2      2.0000    0.3679 
 
 
                                     Total Sample Size = 27 
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                                 FRIEDMAN TEST Desktop Subjective                                
 
----------------------------------------- QUESTION=Q04 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.7826    0.3763 
                    2        Row Mean Scores Differ     2      1.0435    0.5935 
 
 
                                     Total Sample Size = 27 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q05 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.5208    0.0606 
                    2        Row Mean Scores Differ     2      5.0833    0.0787 
 
 
                                     Total Sample Size = 27 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q06 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.0000    1.0000 
                    2        Row Mean Scores Differ     2      0.0000    1.0000 
 
 
                                     Total Sample Size = 27 
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                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q07 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      2.0000    0.1573 
                    2        Row Mean Scores Differ     2      4.6667    0.0970 
 
 
                                     Total Sample Size = 27 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q08 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      2.0862    0.1486 
                    2        Row Mean Scores Differ     2      2.5517    0.2792 
 
 
                                     Total Sample Size = 27 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q09 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.2000    0.2733 
                    2        Row Mean Scores Differ     2      1.6000    0.4493 
 
 
                                     Total Sample Size = 27 
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                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q10 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.7692    0.0522 
                    2        Row Mean Scores Differ     2      3.7692    0.1519 
 
 
                                     Total Sample Size = 27 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q11 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.5577    0.2120 
                    2        Row Mean Scores Differ     2      1.6154    0.4459 
 
 
                                     Total Sample Size = 27 
 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q12 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.1034    0.2935 
                    2        Row Mean Scores Differ     2      1.3103    0.5194 
 
 
                                     Total Sample Size = 27 
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                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q13 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.2857    0.5930 
                    2        Row Mean Scores Differ     2      5.6429    0.0595 
 
 
                                     Total Sample Size = 27 
 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q14 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.0000    1.0000 
                    2        Row Mean Scores Differ     2      0.2069    0.9017 
 
 
                                     Total Sample Size = 27 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q15 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      4.1290    0.0422 
                    2        Row Mean Scores Differ     2      4.3226    0.1152 
 
 
                                     Total Sample Size = 27 
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                                 FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q16 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.4032    0.5254 
                    2        Row Mean Scores Differ     2      1.6129    0.4464 
 
 
                                     Total Sample Size = 27 
 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q17 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.3077    0.5791 
                    2        Row Mean Scores Differ     2      4.0000    0.1353 
 
 
                                     Total Sample Size = 27 
 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q18 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.0000    0.3173 
                    2        Row Mean Scores Differ     2      4.0000    0.1353 
 
 
                                     Total Sample Size = 27 
 
 157
                                 FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q19 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      2.2500    0.1336 
                    2        Row Mean Scores Differ     2      3.0000    0.2231 
 
 
                                     Total Sample Size = 27 
 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q20 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      4.3269    0.0375 
                    2        Row Mean Scores Differ     2      4.3846    0.1117 
 
 
                                     Total Sample Size = 27 
 
 
 
 
                                FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q21 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      7.1111    0.0077 
                    2        Row Mean Scores Differ     2      8.4444    0.0147 
 
 
                                     Total Sample Size = 27 
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                                 FRIEDMAN TEST Desktop Subjective                               
 
----------------------------------------- QUESTION=Q22 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.0250    0.8744 
                    2        Row Mean Scores Differ     2      0.1000    0.9512 
 
 
                                     Total Sample Size = 27 
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Appendix A6: Desktop Interface Subjective Analysis SAS Output – LSD 
 
Procedure 
• Rank observations from k treatments separately within each of the b blocks. 
• Perform the Friedman Test. 
• If Ho is not rejected then stop. 
• If Ho is rejected then calculate the LSD value for each pair of means. 
 
• All pairs of rank means are compared. Two treatments are declared different if: 
 
 
Question 21: I think I was successful in accomplishing the goals of the task.. 
 
Treatment Number Sum of ranks 
Gamepad 9 9 
Joystick/Touchscreen 9 15 
Keyboard/Mouse 9 22 
 
LSD Value Gamepad Joystick/Touchscreen Keyboard/Mouse
Gamepad  0.923936 0.923936 
Joystick/Touchscreen   0.923936 
Keyboard/Mouse    
 
|Ri – Rj| Gamepad Joystick/Touchscreen Keyboard/Mouse
Gamepad  0.666667 1.444444 
Joystick/Touchscreen   0.777778 
Keyboard/Mouse    
 
Different? Gamepad Joystick/Touchscreen Keyboard/Mouse
Gamepad  maybe not different 
Joystick/Touchscreen   maybe not 
Keyboard/Mouse    
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Appendix B: Projector Interface Evaluation Study 
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Appendix B1: Inspection Performance (Hits) Data 
 
 
 Interface 
Subject FF FC XP 
1 14 23 21 
2 23 12 19 
3 22 29 22 
4 20 20 21 
5 16 21 20 
6 25 24 13 
7 22 11 21 
8 21 10 9 
9 20 22 21 
10 28 25 23 
11 25 23 18 
12 23 25 29 
 
 
Appendix B2: Projector Interface Hits Analysis SAS Output - ANOVA 
 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
                       Class          Levels    Values 
 
                       INTERFACE           3    FC FF XP 
 
                       SUBJECT            12    1 2 3 4 5 6 7 8 9 10 11 12 
 
 
                             Number of Observations Read          36 
                             Number of Observations Used          36 
 
 
                                        The GLM Procedure 
 
Dependent Variable: HITS 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                       13     424.7500000      32.6730769       1.62    0.1544 
 
       Error                       22     444.0000000      20.1818182 
 
       Corrected Total             35     868.7500000 
 
 
                        R-Square     Coeff Var      Root MSE     HITS Mean 
 
                        0.488921      21.82551      4.492418      20.58333 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       SUBJECT                     11     404.0833333      36.7348485       1.82    0.1117 
       INTERFACE                    2      20.6666667      10.3333333       0.51    0.6063 
 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       SUBJECT                     11     404.0833333      36.7348485       1.82    0.1117 
       INTERFACE                    2      20.6666667      10.3333333       0.51    0.6063 
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Appendix B3: Projector Interface Subjective Data 
 
#     Question 
45 The environment was responsive to actions that I initiated. 
46 The interactions with the environment seemed natural. 
47 I was involved by the visual aspects of the environment. 
48 The mechanism which controlled movement through the environment seemed natural. 
49 I was able to anticipate what would happen next in response to the actions that I performed. 
50 I could examine objects from multiple viewpoints. 
51 I was involved in the simulated inspection experience.  
52 The control mechanism was distracting.  
53 There was no delay between my actions and expected outcomes.  
54 I adjusted quickly to the interface used for the virtual environment experience.  
55 I feel proficient in moving and interacting with the virtual environment using this interface. 
56 I could effortlessly manipulate the mechanism for defect selection in the virtual environment.  
57 It was easy for me to select defects using this interface. 
58 The control devices interfered with performing the task.  
59 I could concentrate on the task rather than on the mechanisms used to perform the task. 
60 I would personally prefer this interface for inspection training using virtual reality.  
61 The mental and perceptual activity required (e.g., thinking, deciding, calculating, remembering, looking, searching, etc.) 
was very high.  
62 The physical activity required (e.g., pushing, pulling, turning, controlling, activating, etc.) was very high.  
63 I felt pressured for time due to the rate or pace at which the tasks or task elements occurred. 
64 I had to work (mentally and physically) very hard to accomplish my level of performance.  
65 I think I was successful in accomplishing the goals of the task.  
66 I felt frustrated (insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, relaxed and 
complacent) during the task.  
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Interface Subject Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 
1 5 4 5 4 4 4 4 2 4 5 5 
2 5 4 5 4 4 4 5 4 5 5 4 
3 4 1 5 1 5 5 5 5 1 2 1 
4 4 4 5 5 4 4 5 2 2 4 3 
5 4 2 4 2 4 2 4 2 4 4 2 
6 5 3 4 3 2 5 4 5 4 5 5 
7 4 3 4 4 4 4 3 2 3 4 3 
8 5 5 5 4 5 5 5 1 5 5 5 
9 5 4 4 3 5 4 4 2 5 4 3 
10 4 4 4 4 4 5 4 2 4 5 4 
11 5 5 5 4 5 5 5 2 5 5 5 
FF 
12 4 2 4 3 4 4 4 2 4 4 5 
1 5 4 4 4 4 4 4 2 4 4 5 
2 5 4 5 3 4 3 5 4 5 5 4 
3 5 5 5 1 5 5 5 5 1 2 1 
4 5 5 5 5 5 5 5 2 5 5 5 
5 4 4 4 4 5 5 4 3 4 4 4 
6 5 3 3 1 4 3 5 1 5 2 3 
7 4 3 3 2 4 5 3 2 3 2 2 
8 4 3 3 2 2 2 3 3 3 2 2 
9 5 5 5 4 5 4 4 4 5 4 2 
10 5 4 4 3 4 4 5 2 5 4 4 
11 5 5 5 4 4 5 5 3 2 4 3 
FC 
12 3 2 4 2 3 4 4 4 3 3 4 
1 4 4 4 4 4 4 4 3 4 3 4 
2 5 5 5 5 5 5 5 4 5 5 5 
3 4 5 5 5 3 5 5 2 5 5 5 
4 4 3 5 5 5 5 4 2 3 4 5 
5 4 4 4 4 4 3 4 2 4 3 5 
6 3 2 3 3 2 4 4 2 5 4 4 
7 4 3 4 2 4 4 4 4 3 3 3 
8 5 5 5 5 3 5 5 1 5 3 5 
9 5 4 3 4 4 2 4 2 5 5 4 
10 3 2 4 2 3 5 3 5 2 3 3 
11 4 5 5 4 4 5 5 3 5 5 4 
GP 
12 4 4 4 3 3 4 4 2 3 4 4 
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Interface Subject Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 
1 4 4 2 4 4 1 2 3 1 2 1 
2 4 4 3 4 4 4 5 4 4 4 2 
3 2 5 3 5 1 2 5 1 4 4 2 
4 4 3 2 3 4 4 1 3 3 3 1 
5 2 2 2 3 2 3 4 2 3 4 3 
6 4 5 4 5 3 3 5 3 3 5 4 
7 3 4 2 3 3 4 2 3 3 3 2 
8 5 5 1 5 5 1 1 1 1 5 1 
9 5 3 2 4 3 1 1 2 1 4 1 
10 4 4 2 4 4 2 2 2 2 4 1 
11 4 4 2 4 4 3 2 2 2 5 2 
FF 
12 4 4 2 3 3 4 1 3 4 4 3 
1 4 4 2 4 5 2 2 1 2 4 1 
2 2 4 4 4 3 4 3 3 3 4 3 
3 2 5 3 5 1 2 5 1 2 4 2 
4 4 4 1 4 5 4 1 1 4 4 1 
5 4 4 2 4 5 2 3 3 2 4 2 
6 2 5 4 5 3 3 4 3 4 5 5 
7 2 3 2 2 3 4 2 4 3 2 2 
8 3 4 4 3 2 3 4 4 4 3 3 
9 1 4 4 3 2 1 2 1 2 3 1 
10 4 4 3 3 5 4 2 1 2 4 2 
11 4 3 4 4 3 3 4 2 2 3 3 
FC 
12 2 2 4 3 2 4 2 3 4 4 4 
1 3 4 3 3 3 2 2 2 2 5 2 
2 4 4 2 5 4 4 3 2 3 3 3 
3 2 2 1 5 5 2 3 3 2 4 1 
4 5 5 1 5 5 4 1 1 3 4 2 
5 5 5 3 4 5 3 3 2 2 4 2 
6 4 3 3 5 3 4 1 4 3 4 5 
7 4 4 3 2 2 4 2 2 3 3 2 
8 5 5 1 5 5 3 2 3 3 4 2 
9 1 4 2 4 3 1 1 1 2 4 1 
10 3 3 4 3 1 3 3 2 2 4 3 
11 4 5 3 4 4 4 3 2 2 4 2 
GP 
12 4 4 2 3 4 4 2 3 3 4 2 
Appendix B4: Projector Interface Subjective Analysis SAS Output – Friedman Test 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
----------------------------------------- QUESTION=Q01 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.3800    0.0660 
                    2        Row Mean Scores Differ     2      3.9200    0.1409 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q02 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.2857    0.5930 
                    2        Row Mean Scores Differ     2      1.1429    0.5647 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
----------------------------------------- QUESTION=Q03 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.1250    0.7237 
                    2        Row Mean Scores Differ     2      3.5000    0.1738 
 
 
                                     Total Sample Size = 36 
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                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q04 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.7500    0.0528 
                    2        Row Mean Scores Differ     2      3.8000    0.1496 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective        
                       
 
----------------------------------------- QUESTION=Q05 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.6129    0.2041 
                    2        Row Mean Scores Differ     2      2.3871    0.3031 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective           
                    
 
----------------------------------------- QUESTION=Q06 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.2963    0.5862 
                    2        Row Mean Scores Differ     2      0.2963    0.8623 
 
 
                                     Total Sample Size = 36 
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                                FRIEDMAN TEST Projector Subjective   
                            
 
----------------------------------------- QUESTION=Q07 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.5000    0.4795 
                    2        Row Mean Scores Differ     2      0.5000    0.7788 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q08 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.2581    0.6115 
                    2        Row Mean Scores Differ     2      2.0000    0.3679 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q09 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.1957    0.6583 
                    2        Row Mean Scores Differ     2      0.2609    0.8777 
 
 
                                     Total Sample Size = 36 
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                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q10 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.8421    0.3588 
                    2        Row Mean Scores Differ     2      4.7895    0.0912 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q11 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.2000    0.0736 
                    2        Row Mean Scores Differ     2      3.8000    0.1496 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q12 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.5156    0.0608 
                    2        Row Mean Scores Differ     2      4.6875    0.0960 
 
 
                                     Total Sample Size = 36 
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                               FRIEDMAN TEST Projector Subjective                              
 
----------------------------------------- QUESTION=Q13 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.9697    0.3248 
                    2        Row Mean Scores Differ     2      0.9697    0.6158 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q14 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.2821    0.2575 
                    2        Row Mean Scores Differ     2      2.6667    0.2636 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q15 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.2800    0.2579 
                    2        Row Mean Scores Differ     2      1.5200    0.4677 
 
 
                                     Total Sample Size = 36 
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                                FRIEDMAN TEST Projector Subjective   
                            
 
----------------------------------------- QUESTION=Q16 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.8889    0.3458 
                    2        Row Mean Scores Differ     2      0.8889    0.6412 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q17 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.2895    0.2561 
                    2        Row Mean Scores Differ     2      5.1579    0.0759 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q18 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.3500    0.2453 
                    2        Row Mean Scores Differ     2      1.4000    0.4966 
 
 
                                     Total Sample Size = 36 
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                                FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q19 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.0000    1.0000 
                    2        Row Mean Scores Differ     2      0.7059    0.7026 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q20 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      2.1607    0.1416 
                    2        Row Mean Scores Differ     2      2.2143    0.3305 
 
 
                                     Total Sample Size = 36 
 
 
                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q21 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.6667    0.4142 
                    2        Row Mean Scores Differ     2      1.5556    0.4594 
 
 
                                     Total Sample Size = 36 
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                               FRIEDMAN TEST Projector Subjective                              
 
 
----------------------------------------- QUESTION=Q22 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      0.2424    0.6225 
                    2        Row Mean Scores Differ     2      3.1515    0.2069 
 
 
                                     Total Sample Size = 36 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix C: WindowVR Interface Evaluation Study 
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Appendix C1: Inspection Performance (Hits) Data 
 
 
 Interface 
Subject WVRP WVRT 
1 24 29 
2 25 26 
3 25 31 
4 25 28 
5 18 28 
6 26 21 
7 31 29 
8 19 22 
9 19 31 
10 28 32 
 
 
Appendix C2: WindowVR Interface Performance Analysis SAS Output – ANOVA 
 
                                      The Mixed Procedure 
                                       Model Information 
 
                     Data Set                     WORK.WINDOWVR_INTERFACE 
                     Dependent Variable           HITS 
                     Covariance Structure         Variance Components 
                     Estimation Method            REML 
                     Residual Variance Method     Profile 
                     Fixed Effects SE Method      Model-Based 
                     Degrees of Freedom Method    Satterthwaite 
 
                                    Class Level Information 
 
                     Class        Levels    Values 
 
                     INTERFACE         2    WVRP WVRT 
                     SUBJECT          10    1 2 3 4 5 6 7 8 9 10 
 
                                          Dimensions 
 
                              Covariance Parameters             2 
                              Columns in X                      3 
                              Columns in Z                     10 
                              Subjects                          1 
                              Max Obs Per Subject              20 
 
                                    Number of Observations 
 
                          Number of Observations Read              20 
                          Number of Observations Used              20 
                          Number of Observations Not Used           0 
 
                                       Iteration History 
 
                  Iteration    Evaluations    -2 Res Log Like       Criterion 
 
                          0              1       105.22097486 
                          1              1       104.93370571      0.00000000 
 
 
                                   Convergence criteria met. 
 
                                      The Mixed Procedure 
 
                                     Covariance Parameter 
                                           Estimates 
 
                                     Cov Parm     Estimate 
 
                                     SUBJECT        2.7778 
                                     Residual      12.8944 
 
                                        Fit Statistics 
 
                             -2 Res Log Likelihood           104.9 
                             AIC (smaller is better)         108.9 
                             AICC (smaller is better)        109.7 
                             BIC (smaller is better)         109.5 
 
                                 Type 3 Tests of Fixed Effects 
 
                                       Num     Den 
                         Effect         DF      DF    F Value    Pr > F 
 
                         INTERFACE       1       9       5.31    0.0467 
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Appendix C3: WindowVR Interface Subjective Data 
 
#     Question 
67 The environment was responsive to actions that I initiated. 
68 The interactions with the environment seemed natural. 
69 I was involved by the visual aspects of the environment. 
70 The mechanism which controlled movement through the environment seemed 
natural. 
71 I was able to anticipate what would happen next in response to the actions that I 
performed. 
72 I could examine objects from multiple viewpoints. 
73 I was involved in the simulated inspection experience.  
74 The control mechanism was distracting.  
75 There was no delay between my actions and expected outcomes.  
76 I adjusted quickly to the interface used for the virtual environment experience.  
77 I feel proficient in moving and interacting with the virtual environment using this 
interface. 
78 I could effortlessly manipulate the mechanism for defect selection in the virtual 
environment.  
79 It was easy for me to select defects using this interface. 
80 The control devices interfered with performing the task.  
81 I could concentrate on the task rather than on the mechanisms used to perform the 
task. 
82 I would personally prefer this interface for inspection training using virtual reality. 
83 The mental and perceptual activity required (e.g., thinking, deciding, calculating, 
remembering, looking, searching, etc.) was very high.  
84 The physical activity required (e.g., pushing, pulling, turning, controlling, 
activating, etc.) was very high.  
85 I felt pressured for time due to the rate or pace at which the tasks or task elements 
occurred. 
86 I had to work (mentally and physically) very hard to accomplish my level of 
performance.  
87 I think I was successful in accomplishing the goals of the task.  
88 I felt frustrated (insecure, discouraged, irritated, stressed and annoyed versus 
secure, gratified, content, relaxed and complacent) during the task.  
 
 
Interface Subject Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 
1 4 5 4 4 4 4 3 2 3 4 3 
2 4 3 3 1 2 5 1 5 4 2 1 
3 5 5 5 5 5 5 5 1 2 4 4 
4 2 3 4 3 3 4 4 4 3 4 3 
5 5 4 5 4 5 5 5 2 5 5 5 
6 4 4 5 3 4 5 4 3 4 4 4 
7 5 5 5 4 5 5 5 1 5 5 5 
8 3 4 4 3 3 3 4 3 3 3 3 
9 4 4 5 3 4 5 4 4 5 5 5 
W
V
R
T
 
10 4 4 4 4 4 5 5 3 4 4 3 
1 4 4 4 4 4 4 4 2 4 4 4 
2 4 3 3 1 4 5 4 4 4 4 2 
3 5 5 5 5 5 5 5 1 5 4 5 
4 5 4 5 5 5 5 5 2 5 5 4 
5 5 5 5 4 5 5 5 1 5 5 5 
6 4 4 5 3 5 5 4 3 4 5 4 
7 5 5 5 5 5 5 5 1 5 5 5 
8 5 5 5 5 5 5 5 1 4 5 5 
9 4 4 5 3 4 5 4 3 4 5 5 
W
V
R
P
 
10 5 5 5 5 5 5 5 1 4 5 5 
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Interface Subject Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 
1 4 4 2 4 4 3 4 2 3 4 2 
2 2 1 5 3 1 4 5 3 5 5 5 
3 1 1 3 5 5 1 4 1 4 4 2 
4 2 2 4 2 2 4 5 3 4 3 4 
5 4 3 1 4 5 5 4 1 2 5 1 
6 3 3 3 4 2 3 4 3 3 4 2 
7 5 4 1 5 5 3 4 2 2 4 1 
8 2 2 4 2 3 4 4 4 4 3 3 
9 2 4 4 3 3 2 5 1 4 4 2 
W
V
R
T
 
10 4 3 5 3 2 2 2 2 2 3 3 
1 5 4 2 4 5 3 4 2 4 4 2 
2 3 5 3 3 3 3 5 2 4 5 2 
3 5 3 1 5 5 1 3 1 2 5 2 
4 2 5 3 4 5 2 4 2 3 4 2 
5 5 5 5 5 5 2 2 1 2 5 1 
6 4 4 2 4 3 3 5 2 3 4 1 
7 5 5 1 5 5 1 1 1 1 5 1 
8 5 5 1 5 5 2 4 3 3 5 2 
9 2 5 3 4 5 2 3 1 3 4 2 
W
V
R
P
 
10 5 5 1 5 5 1 2 1 1 5 1 
 
Appendix C4: WindowVR Interface Subjective Analysis SAS Output – Friedman Test 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q01 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.0000    0.0833 
                    2        Row Mean Scores Differ     1      3.0000    0.0833 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q02 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.8000    0.1797 
                    2        Row Mean Scores Differ     1      1.8000    0.1797 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q03 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      3.0000    0.0833 
                    2        Row Mean Scores Differ     1      3.0000    0.0833 
 
 
                                     Total Sample Size = 20 
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                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q04 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      4.0000    0.0455 
                    2        Row Mean Scores Differ     1      4.0000    0.0455 
 
 
                                     Total Sample Size = 20 
 
  
 
                              FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q05 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      5.0000    0.0253 
                    2        Row Mean Scores Differ     1      5.0000    0.0253 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q06 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      2.0000    0.1573 
                    2        Row Mean Scores Differ     1      2.0000    0.1573 
 
 
                                     Total Sample Size = 20 
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                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q07 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      4.0000    0.0455 
                    2        Row Mean Scores Differ     1      4.0000    0.0455 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q08 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      6.0000    0.0143 
                    2        Row Mean Scores Differ     1      6.0000    0.0143 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q09 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      1.8000    0.1797 
                    2        Row Mean Scores Differ     1      1.8000    0.1797 
 
 
                                     Total Sample Size = 20 
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                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q10 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      5.0000    0.0253 
                    2        Row Mean Scores Differ     1      5.0000    0.0253 
 
 
                                     Total Sample Size = 20 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q11 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      6.0000    0.0143 
                    2        Row Mean Scores Differ     1      6.0000    0.0143 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q12 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      7.0000    0.0082 
                    2        Row Mean Scores Differ     1      7.0000    0.0082 
 
 
                                     Total Sample Size = 20 
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                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q13 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      9.0000    0.0027 
                    2        Row Mean Scores Differ     1      9.0000    0.0027 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q14 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      4.5000    0.0339 
                    2        Row Mean Scores Differ     1      4.5000    0.0339 
 
 
                                     Total Sample Size = 20 
 
  
                              FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q15 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      5.0000    0.0253 
                    2        Row Mean Scores Differ     1      5.0000    0.0253 
 
 
                                     Total Sample Size = 20 
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                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q16 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      7.0000    0.0082 
                    2        Row Mean Scores Differ     1      7.0000    0.0082 
 
 
                                     Total Sample Size = 20 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q17 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      6.0000    0.0143 
                    2        Row Mean Scores Differ     1      6.0000    0.0143 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q18 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      2.6667    0.1025 
                    2        Row Mean Scores Differ     1      2.6667    0.1025 
 
 
                                     Total Sample Size = 20 
 
 
 186
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q19 ---------------------------------- 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      6.0000    0.0143 
                    2        Row Mean Scores Differ     1      6.0000    0.0143 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q20 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      4.5000    0.0339 
                    2        Row Mean Scores Differ     1      4.5000    0.0339 
 
 
                                     Total Sample Size = 20 
 
 
 
                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q21 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      5.0000    0.0253 
                    2        Row Mean Scores Differ     1      5.0000    0.0253 
 
 
                                     Total Sample Size = 20 
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                               FRIEDMAN TEST WindowVR Subjective                               
 
----------------------------------------- QUESTION=Q22 ---------------------------------- 
 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                    Controlling for SUBJECT 
 
                   Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                Statistic    Alternative Hypothesis    DF       Value      Prob 
                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                    1        Nonzero Correlation        1      5.0000    0.0253 
                    2        Row Mean Scores Differ     1      5.0000    0.0253 
 
 
                                     Total Sample Size = 20 
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Appendix D1: Transfer Effects Inspection Task Performance Data 
 
ID Group Technique Performance Knowledge Identification Time 
1 7 7 5 4 335 
2 5 5 5 5 503 
3 4 4 6 6 287 
4 5 5 6 5 334 
5 8 3 3 3 408 
6 2 1 1 1 200 
7 6 2 3 2 537 
8 2 2 2 1 336 
9 
Control 
5 3 4 3 455 
 
ID Group Technique Performance Knowledge Identification Time 
10 8 7 3 2 540 
11 10 10 10 10 525 
12 9 9 9 9 360 
13 4 4 6 5 205 
14 8.5 8.5 8.5 8.5 305 
15 4 2 1 1 135 
16 10 10 9 9 488 
17 9 9 9 10 389 
18 
HMD 
9 9 6 6 250 
 
ID Group Technique Performance Knowledge Identification Time 
19 9 5 7 5 810 
20 8 6 8 8 375 
21 2 3 3 5 705 
22 10 8 9 8 660 
23 10 8 7 7 495 
24 10 10 9 9 990 
25 10 10 10 10 645 
26 9 8 9 6 810 
27 
3D 
Projector 
10 10 10 10 630 
27 
ID Group Technique Performance Knowledge Identification Time 
28 9 9 7 5 825 
29 8 7 5 6 360 
30 2 2 4 3 360 
31 1 1 3 6 180 
32 9 10 9 8 960 
33 7 9 7 3 240 
34 7 6 5 5 360 
35 10 9 9 7 420 
36 
2.5D 
Projector 
9 9 7 5 525 
 
Appendix D2: Transfer Effects Inspection Task Performance Analysis SAS Output – 
ANOVA and LSD 
 
 
--------------------------------------- variable=Technique ------------------------------ 
 
                                       The GLM Procedure 
 
 
                                    Class Level Information 
 
                     Class          Levels    Values 
 
                     treatment           4    Control Treat1 Treat2 Treat3 
 
 
                            Number of Observations Read          36 
                            Number of Observations Used          36 
 
 
 
Dependent Variable: response 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        3      72.9097222      24.3032407       3.65    0.0227 
 
      Error                       32     213.0000000       6.6562500 
 
      Corrected Total             35     285.9097222 
 
 
                     R-Square     Coeff Var      Root MSE    response Mean 
 
                     0.255010      36.35184      2.579971         7.097222 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     72.90972222     24.30324074       3.65    0.0227 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     72.90972222     24.30324074       3.65    0.0227 
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--------------------------------------- variable= Technique ----------------------------- 
 
                                       The GLM Procedure 
 
                                   t Tests (LSD) for response 
 
  NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise 
error rate. 
 
 
                             Alpha                            0.05 
                             Error Degrees of Freedom           32 
                             Error Mean Square             6.65625 
                             Critical Value of t           2.03693 
                             Least Significant Difference   2.4773 
 
 
                   Means with the same letter are not significantly different. 
 
 
                        t Grouping          Mean      N    treatment 
 
                                 A         8.667      9    Treat2 
                                 A 
                                 A         7.944      9    Treat1 
                                 A 
                            B    A         6.889      9    Treat3 
                            B 
                            B              4.889      9    Control 
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--------------------------------------- variable=Performance ---------------------------- 
 
                                       The GLM Procedure 
 
 
                                    Class Level Information 
 
                     Class          Levels    Values 
 
                     treatment           4    Control Treat1 Treat2 Treat3 
 
 
                            Number of Observations Read          36 
                            Number of Observations Used          36 
 
 
 
Dependent Variable: response 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        3     100.1875000      33.3958333       4.72    0.0077 
 
      Error                       32     226.2222222       7.0694444 
 
      Corrected Total             35     326.4097222 
 
 
                     R-Square     Coeff Var      Root MSE    response Mean 
 
                     0.306938      41.52639      2.658843         6.402778 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     100.1875000      33.3958333       4.72    0.0077 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     100.1875000      33.3958333       4.72    0.0077 
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--------------------------------------- variable=Performance ---------------------------- 
 
                                       The GLM Procedure 
 
                                   t Tests (LSD) for response 
 
  NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise 
error rate. 
 
 
                             Alpha                            0.05 
                             Error Degrees of Freedom           32 
                             Error Mean Square            7.069444 
                             Critical Value of t           2.03693 
                             Least Significant Difference   2.5531 
 
 
                  Means with the same letter are not significantly different. 
 
 
                     t Grouping          Mean      N    treatment 
 
                              A         7.611      9    Treat1 
                              A 
                              A         7.556      9    Treat2 
                              A 
                              A         6.889      9    Treat3 
 
                              B         3.556      9    Control 
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--------------------------------------- variable=Knowledge ------------------------------ 
 
                                       The GLM Procedure 
 
 
                                    Class Level Information 
 
                     Class          Levels    Values 
 
                     treatment           4    Control Treat1 Treat2 Treat3 
 
 
                            Number of Observations Read          36 
                            Number of Observations Used          36 
 
 
 
Dependent Variable: response 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        3      80.7986111      26.9328704       4.91    0.0064 
 
      Error                       32     175.4444444       5.4826389 
 
      Corrected Total             35     256.2430556 
 
 
                     R-Square     Coeff Var      Root MSE    response Mean 
 
                     0.315320      37.54750      2.341504         6.236111 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     80.79861111     26.93287037       4.91    0.0064 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     80.79861111     26.93287037       4.91    0.0064 
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--------------------------------------- variable= Knowledge ----------------------------- 
 
                                       The GLM Procedure 
 
                                   t Tests (LSD) for response 
 
  NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise 
error rate. 
 
 
                             Alpha                            0.05 
                             Error Degrees of Freedom           32 
                             Error Mean Square            5.482639 
                             Critical Value of t           2.03693 
                             Least Significant Difference   2.2484 
 
 
                  Means with the same letter are not significantly different. 
 
 
                     t Grouping          Mean      N    treatment 
 
                              A         8.000      9    Treat2 
                              A 
                              A         6.833      9    Treat1 
                              A 
                              A         6.222      9    Treat3 
 
                              B         3.889      9    Control 
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-------------------------------------- variable=Identification -------------------------- 
 
                                       The GLM Procedure 
 
                                    Class Level Information 
 
                     Class          Levels    Values 
 
                     treatment           4    Control Treat1 Treat2 Treat3 
 
 
                            Number of Observations Read          36 
                            Number of Observations Used          36 
 
 
 
Dependent Variable: response 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        3      91.9652778      30.6550926       5.71    0.0030 
 
      Error                       32     171.7777778       5.3680556 
 
      Corrected Total             35     263.7430556 
 
 
                     R-Square     Coeff Var      Root MSE    response Mean 
 
                     0.348693      40.39159      2.316906         5.736111 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     91.96527778     30.65509259       5.71    0.0030 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     91.96527778     30.65509259       5.71    0.0030 
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-------------------------------------- variable= Identification ------------------------- 
 
                                       The GLM Procedure 
 
                                   t Tests (LSD) for response 
 
  NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise 
error rate. 
 
 
                             Alpha                            0.05 
                             Error Degrees of Freedom           32 
                             Error Mean Square            5.368056 
                             Critical Value of t           2.03693 
                             Least Significant Difference   2.2247 
 
 
                   Means with the same letter are not significantly different. 
 
 
                        t Grouping          Mean      N    treatment 
 
                                 A         7.556      9    Treat2 
                                 A 
                                 A         6.722      9    Treat1 
                                 A 
                            B    A         5.333      9    Treat3 
                            B 
                            B              3.333      9    Control 
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---------------------------------------- variable=Time ---------------------------------- 
 
                                       The GLM Procedure 
 
 
                                    Class Level Information 
 
                     Class          Levels    Values 
 
                     treatment           4    Control Treat1 Treat2 Treat3 
 
 
                            Number of Observations Read          36 
                            Number of Observations Used          36 
 
 
 
Dependent Variable: response 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        3      592921.444      197640.481       5.93    0.0025 
 
      Error                       32     1066513.111       33328.535 
 
      Corrected Total             35     1659434.556 
 
 
                     R-Square     Coeff Var      Root MSE    response Mean 
 
                     0.357303      38.79234      182.5610         470.6111 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     592921.4444     197640.4815       5.93    0.0025 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      treatment                    3     592921.4444     197640.4815       5.93    0.0025 
 
 
 199
---------------------------------------- variable=Time ---------------------------------- 
 
                                       The GLM Procedure 
 
                                   t Tests (LSD) for response 
 
  NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise 
error rate. 
 
 
                             Alpha                            0.05 
                             Error Degrees of Freedom           32 
                             Error Mean Square            33328.53 
                             Critical Value of t           2.03693 
                             Least Significant Difference    175.3 
 
 
                  Means with the same letter are not significantly different. 
 
 
                     t Grouping          Mean      N    treatment 
 
                              A        680.00      9    Treat2 
 
                              B        470.00      9    Treat3 
                              B 
                              B        377.22      9    Control 
                              B 
                              B        355.22      9    Treat1 
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Appendix D3: Virtual Inspection Task Data 
 
T1 Pretest Posttest Post-Pre (Post-Pre)/pre % 
21 26 5 23.81 
14 22 8 57.14 
7 25 18 257.14 
15 24 9 60.00 
13 28 15 115.38 
11 18 7 63.64 
10 24 14 140.00 
16 27 11 68.75 
HMD 
20 27 7 35.00 
T2 Pretest Posttest Post-Pre (Post-Pre)/pre % 
18 19 1 5.56 
25 27 2 8.00 
22 18 -4 -18.18 
11 22 11 100.00 
17 28 11 64.71 
24 27 3 12.50 
23 30 7 30.43 
19 27 8 42.11 
3D 
Projector 
10 20 10 100.00 
T3 Pretest Posttest Post-Pre (Post-Pre)/pre % 
18 20 2 11.11 
20 16 -4 -20.00 
20 21 1 5.00 
10 13 3 30.00 
20 17 -3 -15.00 
18 21 3 16.67 
23 21 -2 -8.70 
10 13 3 30.00 
2.5D 
Projector 
18 15 -3 -16.67 
Appendix D4: Virtual Inspection Task Analysis SAS Output – ANOVA and LSD 
 
 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
                          Class          Levels    Values 
 
                          treatment           3    Treat1 Treat2 Treat3 
 
 
                             Number of Observations Read          27 
                             Number of Observations Used          27 
 
 
 
                                        The GLM Procedure 
 
Dependent Variable: response 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                        2     35028.64075     17514.32037       7.13    0.0037 
 
       Error                       24     58921.74130      2455.07255 
 
       Corrected Total             26     93950.38205 
 
 
                      R-Square     Coeff Var      Root MSE    response Mean 
 
                      0.372842      111.6333      49.54869         44.38523 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       treatment                    2     35028.64075     17514.32037       7.13    0.0037 
 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       treatment                    2     35028.64075     17514.32037       7.13    0.0037 
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                                        The GLM Procedure 
 
                                    t Tests (LSD) for response 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate. 
 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           24 
                              Error Mean Square            2455.073 
                              Critical Value of t           2.06390 
                              Least Significant Difference   48.207 
 
 
                   Means with the same letter are not significantly different. 
 
 
                      t Grouping          Mean      N    treatment 
 
                               A         91.21      9    Treat1 
 
                               B         38.35      9    Treat2 
                               B 
                               B          3.60      9    Treat3 
 
 
Appendix D4: Transfer Effects Study Subjective Data 
 
No. Question 
1 The environment was responsive to actions that I initiated.  
2 The interactions with the environment seemed natural.  
3 I was involved by the visual aspects of the environment.  
4 The mechanism which controlled movement through the environment seemed natural.  
5 I was able to anticipate what would happen next in response to the actions that I performed.  
6 I could examine objects from multiple viewpoints.  
7 I was involved in the simulated inspection experience.  
8 The control mechanism was distracting. 
9 There was no delay between my actions and expected outcomes.  
10 I adjusted quickly to the interface used for the virtual environment experience.  
11 I feel proficient in moving and interacting with the virtual environment using this interface.  
12 I could effortlessly manipulate the mechanism for defect selection in the virtual 
environment.  
13 It was easy for me to select defects using this interface.  
14 The control devices interfered with performing the task.  
15 I could concentrate on the task rather than on the mechanisms used to perform the task.  
16 I would personally prefer this interface for inspection training using virtual reality.  
17 The mental and perceptual activity required (e.g., thinking, deciding, calculating, 
remembering, looking, searching, etc.) was very high.  
18 The physical activity required (e.g., pushing, pulling, turning, controlling, activating, etc.) 
was very high.  
19 I felt pressured for time due to the rate or pace at which the tasks or task elements occurred. 
20 I had to work (mentally and physically) very hard to accomplish my level of performance.  
21 I think I was successful in accomplishing the goals of the task.  
22 I felt frustrated (insecure, discouraged, irritated, stressed and annoyed versus secure, 
gratified, content, relaxed and complacent) during the task.  
23 The VR training simulators have been a helpful lab tool for learning airframe inspection.  
24 The use of the VR training simulators for teaching is a good use of advanced technology.  
25 Seeing the VR training simulators made me more interested in learning about airframe 
inspection.  
26 Getting to use the VR training simulators made my class more enjoyable.  
27 Using the VR training simulators helped me to improve my inspection performance.  
28 The VR training simulators and lab will encourage more students to be interested in 
Greenville Tech’s Aviation Maintenance Program.  
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Interface Subject Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 
10 4 4 5 3 4 4 5 3 4 2 2 3 1 2 
11 3 2 2 1 4 2 3 4 4 3 2 2 3 4 
12 5 4 5 3 5 5 5 1 3 5 5 4 4 2 
13 4 2 5 4 4 5 5 3 4 5 5 4 4 3 
14 4 5 5 3 3 3 5 4 3 5 5 4 2 3 
15 2 2 3 2 4 4 4 1 5 2 4 2 3 3 
16 4 4 5 3 4 4 4 4 4 4 4 2 3 3 
17 4 4 5 4 5 5 5 3 4 4 4 4 5 4 
H
M
D
 
18 4 3 4 3 3 4 4 5 4 4 3 2 2 3 
19 4 4 5 5 4 5 4 2 3 5 5 4 4 1 
20 4 4 4 2 4 5 5 4 3 4 4 3 4 4 
21 4 4 5 5 5 4 4 4 5 5 4 4 5 5 
22 5 4 4 4 4 5 5 2 4 4 4 2 4 4 
23 2 4 5 3 5 5 5 1 4 4 4 4 2 2 
24 4 2 3 2 5 4 5 3 5 5 2 2 3 3 
25 4 3 4 2 3 4 4 4 4 3 3 2 3 4 
26 5 4 3 4 4 4 4 3 2 4 2 3 4 2 
3
D
 
P
r
o
j
e
c
t
o
r
 
27 4 4 4 4 4 4 4 3 4 3 3 3 3 3 
28 5 3 3 3 1 1 5 2 5 4 3 4 4 5 
29 4 3 3 4 4 4 4 3 4 3 3 2 3 3 
30 5 4 5 5 5 4 5 1 5 4 5 5 4 1 
31 5 5 5 5 5 5 5 1 5 5 5 5 5 1 
32 5 3 2 3 4 5 5 2 5 5 5 4 4 1 
33 5 4 4 2 4 3 4 4 3 4 5 4 4 3 
34 4 4 3 3 4 4 3 3 4 4 4 4 5 3 
35 5 5 5 5 4 5 5 3 5 4 5 4 4 2 
2
.
5
D
 
P
r
o
j
e
c
t
o
r
 
36 5 4 3 4 4 5 5 4 5 3 4 4 4 2 
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Interface Subject Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 
10 2 3 2 2 3 4 3 3 5 5 4 4 5 4 
11 3 3 5 1 3 4 4 2 3 3 3 3 3 4 
12 5 4 4 2 4 3 4 3 4 4 4 4 5 3 
13 5 5 5 5 5 3 5 1 5 5 5 5 5 5 
14 3 1 3 4 4 4 4 2 4 4.5 5 4 3 3 
15 2 5 3 3 5 5 5 1 4 4.5 4 4 4 4 
16 3 3 4 4 5 3 3 4 4 4 3 4 4 5 
17 4 5 4 4 4 3 4 3 5 5 4 5 3 4 
H
M
D
 
18 3 2 4 3 3 3 4 3 4 5 4 4 4 4 
19 4 4 4 3 4 4 3 3 5 4 4 4 4 5 
20 3 4 3 2 4 3 4 2 4 4 4 4 4 3 
21 5 5 1 1 5 3 4 1 4 4 4 5 5 5 
22 4 4 4 1 5 2 5 3 4 4 3 4 4 4 
23 4 2 2 1 1 2 5 1 4 3 2 5 4 1 
24 3 4 2 3 4 2 3 3 3 4 3 2 4 4 
25 2 2 2 2 3 3 4 2 3 4 4 4 4 4 
26 3 1 5 2 5 4 3 3 4 4 2 4 2 3 
3
D
 
P
r
o
j
e
c
t
o
r
 
27 2 2 4 3 3 3 2 4 3 3 4 3 3 3 
28 5 4 3 1 4 3 4 3 4 4 4 4 4 4 
29 2 3 5 2 4 3 4 3 4 4 4 3 4 4 
30 5 1 1 1 5 3 4 1 4 4 5 4 4 4 
31 5 5 1 1 5 1 5 1 5 5 5 5 5 5 
32 5 3 2 1 5 3 5 1 4 4 3 4 5 4 
33 4 4 4 2 2 3 5 2 4 4 5 5 5 5 
34 2 4 3 1 2 2 4 2 4 4 3 4 3 4 
35 4 4 4 2 1 1 5 1 5 5 5 5 5 5 
2
.
5
D
 
P
r
o
j
e
c
t
o
r
 
36 3 4 4 2 2 1 4 1 5 5 5 5 5 5 
Appendix D5: Transfer Effects Study Subjective Analysis SAS Output – Kruskal Wallis Test 
 
----------------------------------------- Question=Q1 ----------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         90.00         126.0     17.502747     10.000000 
           Treat2          9        109.50         126.0     17.502747     12.166667 
           Treat3          9        178.50         126.0     17.502747     19.833333 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         9.4109 
                                   DF                      2 
                                   Pr > Chi-Square    0.0090 
 
 
----------------------------------------- Question=Q2 ----------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        108.50         126.0     17.591519     12.055556 
           Treat2          9        128.50         126.0     17.591519     14.277778 
           Treat3          9        141.00         126.0     17.591519     15.666667 
 
                              Average scores were used for ties. 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         1.1579 
                                   DF                      2 
                                   Pr > Chi-Square    0.5605 
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----------------------------------------- Question=Q3 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        149.00         126.0     18.286186     16.555556 
           Treat2          9        126.50         126.0     18.286186     14.055556 
           Treat3          9        102.50         126.0     18.286186     11.388889 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         2.1562 
                                   DF                      2 
                                   Pr > Chi-Square    0.3402 
 
 
----------------------------------------- Question=Q4 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9          98.0         126.0     18.790341     10.888889 
           Treat2          9         130.0         126.0     18.790341     14.444444 
           Treat3          9         150.0         126.0     18.790341     16.666667 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         2.5981 
                                   DF                      2 
                                   Pr > Chi-Square    0.2728 
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----------------------------------------- Question=Q5 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        116.50         126.0     17.106004     12.944444 
           Treat2          9        137.50         126.0     17.106004     15.277778 
           Treat3          9        124.00         126.0     17.106004     13.777778 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         0.5160 
                                   DF                      2 
                                   Pr > Chi-Square    0.7726 
 
 
----------------------------------------- Question=Q6 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        113.50         126.0     17.874563     12.611111 
           Treat2          9        140.50         126.0     17.874563     15.611111 
           Treat3          9        124.00         126.0     17.874563     13.777778 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         0.7731 
                                   DF                      2 
                                   Pr > Chi-Square    0.6794 
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----------------------------------------- Question=Q7 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        124.00         126.0     17.153156     13.777778 
           Treat2          9        117.50         126.0     17.153156     13.055556 
           Treat3          9        136.50         126.0     17.153156     15.166667 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         0.4226 
                                   DF                      2 
                                   Pr > Chi-Square    0.8095 
 
 
 
----------------------------------------- Question=Q8 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        142.50         126.0     18.734994     15.833333 
           Treat2          9        127.50         126.0     18.734994     14.166667 
           Treat3          9        108.00         126.0     18.734994     12.000000 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         1.1368 
                                   DF                      2 
                                   Pr > Chi-Square    0.5664 
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----------------------------------------- Question=Q9 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         106.0         126.0     18.134116     11.777778 
           Treat2          9         105.0         126.0     18.134116     11.666667 
           Treat3          9         167.0         126.0     18.134116     18.555556 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         5.1128 
                                   DF                      2 
                                   Pr > Chi-Square    0.0776 
 
 
 
----------------------------------------- Question=Q10 ---------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        119.00         126.0     18.245126     13.222222 
           Treat2          9        134.50         126.0     18.245126     14.944444 
           Treat3          9        124.50         126.0     18.245126     13.833333 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         0.2473 
                                   DF                      2 
                                   Pr > Chi-Square    0.8837 
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----------------------------------------- Question=Q11 ---------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         123.0         126.0     18.623806     13.666667 
           Treat2          9          98.0         126.0     18.623806     10.888889 
           Treat3          9         157.0         126.0     18.623806     17.444444 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         3.3713 
                                   DF                      2 
                                   Pr > Chi-Square    0.1853 
 
 
----------------------------------------- Question=Q12 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        104.50         126.0     18.028823     11.611111 
           Treat2          9        102.00         126.0     18.028823     11.333333 
           Treat3          9        171.50         126.0     18.028823     19.055556 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         6.3757 
                                   DF                      2 
                                   Pr > Chi-Square    0.0413 
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----------------------------------------- Question=Q13 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         91.50         126.0     18.355464     10.166667 
           Treat2          9        122.50         126.0     18.355464     13.611111 
           Treat3          9        164.00         126.0     18.355464     18.222222 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         5.2366 
                                   DF                      2 
                                   Pr > Chi-Square    0.0729 
 
 
 
----------------------------------------- Question=Q14 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        138.50         126.0     18.744230     15.388889 
           Treat2          9        144.00         126.0     18.744230     16.000000 
           Treat3          9         95.50         126.0     18.744230     10.611111 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         2.6764 
                                   DF                      2 
                                   Pr > Chi-Square    0.2623
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 ----------------------------------------- Question=Q15 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        114.50         126.0     18.808754     12.722222 
           Treat2          9        115.00         126.0     18.808754     12.777778 
           Treat3          9        148.50         126.0     18.808754     16.500000 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         1.4313 
                                   DF                      2 
                                   Pr > Chi-Square    0.4889 
 
 
----------------------------------------- Question=Q16 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        130.00         126.0     18.781128     14.444444 
           Treat2          9        113.50         126.0     18.781128     12.611111 
           Treat3          9        134.50         126.0     18.781128     14.944444 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         0.4621 
                                   DF                      2 
                                   Pr > Chi-Square    0.7937
 214
----------------------------------------- Question=Q17 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         153.0         126.0     18.781128     17.000000 
           Treat2          9         112.0         126.0     18.781128     12.444444 
           Treat3          9         113.0         126.0     18.781128     12.555556 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         2.0677 
                                   DF                      2 
                                   Pr > Chi-Square    0.3556 
 
 
 
----------------------------------------- Question=Q18 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         177.0         126.0     18.642383     19.666667 
           Treat2          9         120.0         126.0     18.642383     13.333333 
           Treat3          9          81.0         126.0     18.642383      9.000000 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         8.9429 
                                   DF                      2 
                                   Pr > Chi-Square    0.0114 
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 ----------------------------------------- Question=Q19 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        136.50         126.0     18.750385     15.166667 
           Treat2          9        130.00         126.0     18.750385     14.444444 
           Treat3          9        111.50         126.0     18.750385     12.388889 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         0.6381 
                                   DF                      2 
                                   Pr > Chi-Square    0.7268 
 
 
----------------------------------------- Question=Q20 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        171.50         126.0     17.932566     19.055556 
           Treat2          9        122.50         126.0     17.932566     13.611111 
           Treat3          9         84.00         126.0     17.932566      9.333333 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         7.9742 
                                   DF                      2 
                                   Pr > Chi-Square    0.0186
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----------------------------------------- Question=Q21 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         120.0         126.0          18.0     13.333333 
           Treat2          9          99.0         126.0          18.0     11.000000 
           Treat3          9         159.0         126.0          18.0     17.666667 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         3.8148 
                                   DF                      2 
                                   Pr > Chi-Square    0.1485 
 
 
----------------------------------------- Question=Q22 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        143.50         126.0     18.465144     15.944444 
           Treat2          9        143.50         126.0     18.465144     15.944444 
           Treat3          9         91.00         126.0     18.465144     10.111111 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         3.5928 
                                   DF                      2 
                                   Pr > Chi-Square    0.1659 
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 ----------------------------------------- Question=Q23 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         137.0         126.0     17.085757     15.222222 
           Treat2          9          94.0         126.0     17.085757     10.444444 
           Treat3          9         147.0         126.0     17.085757     16.333333 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         3.6220 
                                   DF                      2 
                                   Pr > Chi-Square    0.1635 
 
 
----------------------------------------- Question=Q24 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         159.0         126.0     17.502747     17.666667 
           Treat2          9          81.0         126.0     17.502747      9.000000 
           Treat3          9         138.0         126.0     17.502747     15.333333 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         7.0900 
                                   DF                      2 
                                   Pr > Chi-Square    0.0289
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----------------------------------------- Question=Q25 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        131.50         126.0     18.286186     14.611111 
           Treat2          9         86.50         126.0     18.286186      9.611111 
           Treat3          9        160.00         126.0     18.286186     17.777778 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         5.4757 
                                   DF                      2 
                                   Pr > Chi-Square    0.0647 
 
 
----------------------------------------- Question=Q26 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         122.0         126.0     17.413523     13.555556 
           Treat2          9         111.0         126.0     17.413523     12.333333 
           Treat3          9         145.0         126.0     17.413523     16.111111 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         1.3235 
                                   DF                      2 
                                   Pr > Chi-Square    0.5159 
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----------------------------------------- Question=Q27 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9        118.50         126.0     18.134116     13.166667 
           Treat2          9        103.00         126.0     18.134116     11.444444 
           Treat3          9        156.50         126.0     18.134116     17.388889 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         3.0724 
                                   DF                      2 
                                   Pr > Chi-Square    0.2152 
 
 
----------------------------------------- Question=Q28 ----------------------------------------- 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable Response 
                               Classified by Variable Treatment 
 
                                    Sum of      Expected       Std Dev          Mean 
           Treatment       N        Scores      Under H0      Under H0         Score 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           Treat1          9         120.0         126.0          18.0     13.333333 
           Treat2          9          99.0         126.0          18.0     11.000000 
           Treat3          9         159.0         126.0          18.0     17.666667 
 
                              Average scores were used for ties. 
 
 
                                      Kruskal-Wallis Test 
 
                                   Chi-Square         3.8148 
                                   DF                      2 
                                   Pr > Chi-Square    0.1485 
 220
Appendix D6: Transfer Effects Study Subjective Data Means 
 
----------------------------------------- Question=Q1 ------------------------------------------ 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.7777778       0.8333333       2.0000000       5.0000000 
 
    3DProjector    9      9       4.0000000       0.8660254       2.0000000       5.0000000 
 
    2.5DProjector  9      9       4.7777778       0.4409586       4.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- Question=Q2 ------------------------------------------ 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.3333333       1.1180340       2.0000000       5.0000000 
 
    3DProjector    9      9       3.6666667       0.7071068       2.0000000       4.0000000 
 
    2.5DProjector  9      9       3.8888889       0.7817360       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- Question=Q3 ------------------------------------------ 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.3333333       1.1180340       2.0000000       5.0000000 
 
    3DProjector    9      9       4.1111111       0.7817360       3.0000000       5.0000000 
 
    2.5DProjector  9      9       3.6666667       1.1180340       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- Question=Q4 ------------------------------------------ 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       2.8888889       0.9279607       1.0000000       4.0000000 
 
    3DProjector    9      9       3.4444444       1.2360331       2.0000000       5.0000000 
 
    2.5DProjector  9      9       3.7777778       1.0929064       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q5 ------------------------------------------ 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.0000000       0.7071068       3.0000000       5.0000000 
 
    3DProjector    9      9       4.2222222       0.6666667       3.0000000       5.0000000 
 
    2.5DProjector  9      9       3.8888889       1.1666667       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q6 ------------------------------------------ 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.0000000       1.0000000       2.0000000       5.0000000 
 
    3DProjector    9      9       4.4444444       0.5270463       4.0000000       5.0000000 
 
    2.5DProjector  9      9       4.0000000       1.3228757       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- Question=Q7 ------------------------------------------ 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.4444444       0.7264832       3.0000000       5.0000000 
 
    3DProjector    9      9       4.4444444       0.5270463       4.0000000       5.0000000 
 
    2.5DProjector  9      9       4.5555556       0.7264832       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q8 ------------------------------------------ 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.1111111       1.3642255       1.0000000       5.0000000 
 
    3DProjector    9      9       2.8888889       1.0540926       1.0000000       4.0000000 
 
    2.5DProjector  9      9       2.5555556       1.1303883       1.0000000       4.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q9 ------------------------------------------ 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.8888889       0.6009252       3.0000000       5.0000000 
 
    3DProjector    9      9       3.7777778       0.9718253       2.0000000       5.0000000 
 
    2.5DProjector  9      9       4.5555556       0.7264832       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 223
----------------------------------------- Question=Q10 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.7777778       1.2018504       2.0000000       5.0000000 
 
    3DProjector    9      9       4.1111111       0.7817360       3.0000000       5.0000000 
 
    2.5DProjector  9      9       4.0000000       0.7071068       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q11 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.7777778       1.2018504       2.0000000       5.0000000 
 
    3DProjector    9      9       3.4444444       1.0137938       2.0000000       5.0000000 
 
    2.5DProjector  9      9       4.3333333       0.8660254       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q12 ----------------------------------------- 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.0000000       1.0000000       2.0000000       4.0000000 
 
    3DProjector    9      9       3.0000000       0.8660254       2.0000000       4.0000000 
 
    2.5DProjector  9      9       4.0000000       0.8660254       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 224
----------------------------------------- Question=Q13 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.0000000       1.2247449       1.0000000       5.0000000 
 
    3DProjector    9      9       3.5555556       0.8819171       2.0000000       5.0000000 
 
    2.5DProjector  9      9       4.1111111       0.6009252       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q14 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.0000000       0.7071068       2.0000000       4.0000000 
 
    3DProjector    9      9       3.1111111       1.2692955       1.0000000       5.0000000 
 
    2.5DProjector  9      9       2.3333333       1.3228757       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q15 ----------------------------------------- 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.3333333       1.1180340       2.0000000       5.0000000 
 
    3DProjector    9      9       3.3333333       1.0000000       2.0000000       5.0000000 
 
    2.5DProjector  9      9       3.8888889       1.2692955       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 225
----------------------------------------- Question=Q16 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.4444444       1.4240006       1.0000000       5.0000000 
 
    3DProjector    9      9       3.1111111       1.3642255       1.0000000       5.0000000 
 
    2.5DProjector  9      9       3.5555556       1.1303883       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q17 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.7777778       0.9718253       2.0000000       5.0000000 
 
    3DProjector    9      9       3.0000000       1.3228757       1.0000000       5.0000000 
 
    2.5DProjector  9      9       3.0000000       1.4142136       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q18 ----------------------------------------- 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.1111111       1.2692955       1.0000000       5.0000000 
 
    3DProjector    9      9       2.0000000       0.8660254       1.0000000       3.0000000 
 
    2.5DProjector  9      9       1.4444444       0.5270463       1.0000000       2.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- Question=Q19 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.0000000       0.8660254       3.0000000       5.0000000 
 
    3DProjector    9      9       3.7777778       1.3017083       1.0000000       5.0000000 
 
    2.5DProjector  9      9       3.3333333       1.5811388       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q20 ----------------------------------------- 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       3.5555556       0.7264832       3.0000000       5.0000000 
 
    3DProjector    9      9       2.8888889       0.7817360       2.0000000       4.0000000 
 
    2.5DProjector  9      9       2.2222222       0.9718253       1.0000000       3.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q21 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.0000000       0.7071068       3.0000000       5.0000000 
 
    3DProjector    9      9       3.6666667       1.0000000       2.0000000       5.0000000 
 
    2.5DProjector  9      9       4.4444444       0.5270463       4.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- Question=Q22 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       2.4444444       1.0137938       1.0000000       4.0000000 
 
    3DProjector    9      9       2.4444444       1.0137938       1.0000000       4.0000000 
 
    2.5DProjector  9      9       1.6666667       0.8660254       1.0000000       3.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q23 ----------------------------------------- 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.2222222       0.6666667       3.0000000       5.0000000 
 
    3DProjector    9      9       3.7777778       0.6666667       3.0000000       5.0000000 
 
    2.5DProjector  9      9       4.3333333       0.5000000       4.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q24 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.4444444       0.6821127       3.0000000       5.0000000 
 
    3DProjector    9      9       3.7777778       0.4409586       3.0000000       4.0000000 
 
    2.5DProjector  9      9       4.3333333       0.5000000       4.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 228
----------------------------------------- Question=Q25 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.0000000       0.7071068       3.0000000       5.0000000 
 
    3DProjector    9      9       3.3333333       0.8660254       2.0000000       4.0000000 
 
    2.5DProjector  9      9       4.3333333       0.8660254       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q26 ----------------------------------------- 
 
                                      The MEANS Procedure 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.1111111       0.6009252       3.0000000       5.0000000 
 
    3DProjector    9      9       3.8888889       0.9279607       2.0000000       5.0000000 
 
    2.5DProjector  9      9       4.3333333       0.7071068       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- Question=Q27 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.0000000       0.8660254       3.0000000       5.0000000 
 
    3DProjector    9      9       3.7777778       0.8333333       2.0000000       5.0000000 
 
    2.5DProjector  9      9       4.4444444       0.7264832       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 229
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----------------------------------------- Question=Q28 ----------------------------------------- 
 
                                 Analysis Variable : Response 
 
                   N 
    Treatment    Obs      N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    HMD            9      9       4.0000000       0.7071068       3.0000000       5.0000000 
 
    3DProjector    9      9       3.5555556       1.2360331       1.0000000       5.0000000 
 
    2.5DProjector  9      9       4.4444444       0.5270463       4.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
Appendix D7: Transfer Effects Study Subjective Analysis – LSD 
 
Procedure 
• Rank N observations from all treatments. 
• Perform the Kruskal Wallis Test. 
• If Ho is not rejected then stop. 
• If Ho is rejected then calculate the LSD value for each pair of means. 
 
• All pairs of rank means are compared. Two treatments are declared different if: 
 
 
 
 
 
Question 1: The environment was responsive to actions that I initiated.  
 
Treatment Number Sum of ranks 
HMD 9 90 
3D Projector 9 109.5 
2.5D Projector 9 178.5 
 
LSD Value HMD 3D Projector 2.5D Projector 
HMD  7.333514 7.333514 
3D Projector   7.333514 
2.5D Projector    
 
|Ri – Rj| HMD 3D Projector 2.5D Projector 
HMD  2.166667 9.833333 
3D Projector   7.666667 
2.5D Projector    
 
Different? HMD 3D Projector 2.5D Projector 
HMD  maybe not different 
3D Projector   different 
2.5D Projector    
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Question 12: I could effortlessly manipulate the mechanism for defect selection in the 
virtual environment. 
 
Treatment Number Sum of ranks 
HMD 9 104.5 
3D Projector 9 102 
2.5D Projector 9 171.5 
 
LSD Value HMD 3D Projector 2.5D Projector 
HMD  7.333514 7.333514 
3D Projector   7.333514 
2.5D Projector    
 
|Ri – Rj| HMD 3D Projector 2.5D Projector 
HMD  0.277778 7.444444 
3D Projector   7.722222 
2.5D Projector    
 
Different? HMD 3D Projector 2.5D Projector 
HMD  maybe not different 
3D Projector   different 
2.5D Projector    
 
Question 18: The physical activity required (e.g., pushing, pulling, turning, controlling, 
activating, etc.) was very high. 
 
Treatment Number Sum of ranks 
HMD 9 177 
3D Projector 9 120 
2.5D Projector 9 81 
 
LSD Value HMD 3D Projector 2.5D Projector 
HMD  7.333514 7.333514 
3D Projector   7.333514 
2.5D Projector    
 
|Ri – Rj| HMD 3D Projector 2.5D Projector 
HMD  6.333333 10.66667 
3D Projector   4.333333 
2.5D Projector    
 
Different? HMD 3D Projector 2.5D Projector 
HMD  maybe not different 
3D Projector   maybe not 
2.5D Projector    
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Question 20: I had to work (mentally and physically) very hard to accomplish my level of 
performance. 
 
Treatment Number Sum of ranks 
HMD 9 171.5
3D Projector 9 122.5
2.5D Projector 9 84
 
LSD Value HMD 3D Projector 2.5D Projector 
HMD  7.333514 7.333514 
3D Projector   7.333514 
2.5D Projector    
 
|Ri – Rj| HMD 3D Projector 2.5D Projector 
HMD  5.444444 9.722222
3D Projector   4.277778
2.5D Projector    
 
Different? HMD 3D Projector 2.5D Projector 
HMD  maybe not different 
3D Projector   maybe not 
2.5D Projector    
 
Question 24: The use of the VR training simulators for teaching is a good use of 
advanced technology. 
Treatment Number Sum of ranks 
HMD 9 159 
3D Projector 9 81 
2.5D Projector 9 138 
 
LSD Value HMD 3D Projector 2.5D Projector 
HMD  7.333514 7.333514 
3D Projector   7.333514 
2.5D Projector    
 
|Ri – Rj| HMD 3D Projector 2.5D Projector 
HMD  8.666667 2.333333 
3D Projector   6.333333 
2.5D Projector    
 
Different? HMD 3D Projector 2.5D Projector 
HMD  different maybe not 
3D Projector   maybe not 
2.5D Projector    
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Appendix E: Fidelity Study 
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Appendix E1a: Transfer Effects Inspection Task Performance Data – Correct Defect 
Identified 
 
 
ID Graphic Desktop Projector Window VR HMD 
1 27 22 31 21 
2 19 15 19 22 
3 22 19 24 14 
4 27 20 24 15 
5 20 19 21 5 
6 25 14 22 19 
7 22 18 23 25 
8 16 16 20 16 
17 24 16 23 17 
19 11 6 7 11 
21 16 16 21 18 
22 
3D 
 
36 
Defects 
20 24 29 19 
 
ID Graphic Desktop Projector Window VR HMD 
9 21 18 21 12 
10 20 14 20 17 
11 24 19 25 16 
12 19 18 22 21 
13 21 19 21 16 
14 23 15 23 18 
15 20 16 18 9 
16 17 13 19 13 
18 18 19 20 10 
20 22 17 21 14 
23 21 9 23 19 
24 
2.5D 
 
25 
Defects 
19 22 22 11 
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Appendix E1b: Transfer Effects Inspection Task Performance Data - % Correct Defect 
Identified 
 
 
ID Graphic Desktop Projector Window VR HMD 
1 75.00 61.11 86.11 58.33 
2 52.78 41.67 52.78 61.11 
3 61.11 52.78 66.67 38.89 
4 75.00 55.56 66.67 41.67 
5 55.56 52.78 58.33 13.89 
6 69.44 38.89 61.11 52.78 
7 61.11 50.00 63.89 69.44 
8 44.44 44.44 55.56 44.44 
17 66.67 44.44 63.89 47.22 
19 30.56 16.67 19.44 30.56 
21 44.44 44.44 58.33 50.00 
22 
3D 
55.56 66.67 80.56 52.78 
 
ID Graphic Desktop Projector Window VR HMD 
9 84 72 84 48 
10 80 56 80 68 
11 96 76 100 64 
12 76 72 88 84 
13 84 76 84 64 
14 92 60 92 72 
15 80 64 72 36 
16 68 52 76 52 
18 72 76 80 40 
20 88 68 84 56 
23 84 36 92 76 
24 
2.5D 
 
76 88 88 44 
 
Appendix E2: Fidelity Study Inspection Task Performance Analysis SAS Output – Main Effects ANOVA 
 
                                       The Mixed Procedure 
 
                                        Model Information 
 
                      Data Set                     WORK.FIDELITY_HITS 
                      Dependent Variable           hits 
                      Covariance Structure         Variance Components 
                      Estimation Method            REML 
                      Residual Variance Method     Profile 
                      Fixed Effects SE Method      Model-Based 
                      Degrees of Freedom Method    Satterthwaite 
 
 
                                     Class Level Information 
 
                      Class        Levels    Values 
 
                      visual            2    2D 3D 
                      subject          24    1 2 3 4 5 6 7 8 9 10 11 12 13 
                                             14 15 16 17 18 19 20 21 22 23 
                                             24 
                      interface         4    D H P W 
 
                                           Dimensions 
 
                               Covariance Parameters             2 
                               Columns in X                     15 
                               Columns in Z                     24 
                               Subjects                          1 
                               Max Obs Per Subject              96 
 
                                     Number of Observations 
 
                           Number of Observations Read              96 
                           Number of Observations Used              96 
                           Number of Observations Not Used           0 
 
                                        Iteration History 
 
                   Iteration    Evaluations    -2 Res Log Like       Criterion 
 
                           0              1       721.78716286 
                           1              1       708.20687489      0.00000000 
 
                                    Convergence criteria met.
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                                       The Mixed Procedure 
 
                                       Covariance Parameter 
                                            Estimates 
 
                                   Cov Parm            Estimate 
 
                                   subject (visual)      61.9204 
                                   Residual              108.51 
 
 
                                         Fit Statistics 
 
                              -2 Res Log Likelihood           708.2 
                              AIC (smaller is better)         712.2 
                              AICC (smaller is better)        712.3 
                              BIC (smaller is better)         714.6 
 
 
                                  Type 3 Tests of Fixed Effects 
 
                                           Num     Den 
                      Effect                DF      DF    F Value    Pr > F 
 
                      visual                 1      22      26.09    <.0001 
                      interface              3      66      21.27    <.0001 
                      visual*interface       3      66       1.80    0.1557 
 
 
 
                                       Least Squares Means 
 
                                                         Standard 
  Effect              visual    interface    Estimate       Error      DF    t Value    Pr > |t| 
 
  visual*interface    2D        D             81.6667      3.7687      63      21.67      <.0001 
  visual*interface    2D        H             58.6667      3.7687      63      15.57      <.0001 
  visual*interface    2D        P             66.3333      3.7687      63      17.60      <.0001 
  visual*interface    2D        W             85.0000      3.7687      63      22.55      <.0001 
  visual*interface    3D        D             57.6389      3.7687      63      15.29      <.0001 
  visual*interface    3D        H             46.7593      3.7687      63      12.41      <.0001 
  visual*interface    3D        P             47.4537      3.7687      63      12.59      <.0001 
  visual*interface    3D        W             61.1111      3.7687      63      16.22      <.0001 
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                             Differences of Least Squares Means 
 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          2D       H            23.0000    4.2527    66     5.41 
   visual*interface  2D      D          2D       P            15.3333    4.2527    66     3.61 
   visual*interface  2D      D          2D       W            -3.3333    4.2527    66    -0.78 
 
                                       The Mixed Procedure 
 
                               Differences of Least Squares Means 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          3D       D            24.0278    5.3297    63     4.51 
   visual*interface  2D      D          3D       H            34.9074    5.3297    63     6.55 
   visual*interface  2D      D          3D       P            34.2130    5.3297    63     6.42 
   visual*interface  2D      D          3D       W            20.5556    5.3297    63     3.86 
   visual*interface  2D      H          2D       P            -7.6667    4.2527    66    -1.80 
   visual*interface  2D      H          2D       W           -26.3333    4.2527    66    -6.19 
   visual*interface  2D      H          3D       D             1.0278    5.3297    63     0.19 
   visual*interface  2D      H          3D       H            11.9074    5.3297    63     2.23 
   visual*interface  2D      H          3D       P            11.2130    5.3297    63     2.10 
   visual*interface  2D      H          3D       W            -2.4444    5.3297    63    -0.46 
   visual*interface  2D      P          2D       W           -18.6667    4.2527    66    -4.39 
   visual*interface  2D      P          3D       D             8.6944    5.3297    63     1.63 
   visual*interface  2D      P          3D       H            19.5741    5.3297    63     3.67 
   visual*interface  2D      P          3D       P            18.8796    5.3297    63     3.54 
   visual*interface  2D      P          3D       W             5.2222    5.3297    63     0.98 
   visual*interface  2D      W          3D       D            27.3611    5.3297    63     5.13 
   visual*interface  2D      W          3D       H            38.2407    5.3297    63     7.18 
   visual*interface  2D      W          3D       P            37.5463    5.3297    63     7.04 
   visual*interface  2D      W          3D       W            23.8889    5.3297    63     4.48 
   visual*interface  3D      D          3D       H            10.8796    4.2527    66     2.56 
   visual*interface  3D      D          3D       P            10.1852    4.2527    66     2.39 
   visual*interface  3D      D          3D       W            -3.4722    4.2527    66    -0.82 
   visual*interface  3D      H          3D       P            -0.6944    4.2527    66    -0.16 
   visual*interface  3D      H          3D       W           -14.3519    4.2527    66    -3.37 
   visual*interface  3D      P          3D       W           -13.6574    4.2527    66    -3.21 
 
                                Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      D          2D       H             <.0001 
                visual*interface  2D      D          2D       P             0.0006 
                visual*interface  2D      D          2D       W             0.4360 
                visual*interface  2D      D          3D       D             <.0001 
                visual*interface  2D      D          3D       H             <.0001 
                visual*interface  2D      D          3D       P             <.0001 
                visual*interface  2D      D          3D       W             0.0003 
                visual*interface  2D      H          2D       P             0.0760 
                visual*interface  2D      H          2D       W             <.0001 
                visual*interface  2D      H          3D       D             0.8477 
                visual*interface  2D      H          3D       H             0.0290 
                visual*interface  2D      H          3D       P             0.0394 
                visual*interface  2D      H          3D       W             0.6481 
                visual*interface  2D      P          2D       W             <.0001 
                visual*interface  2D      P          3D       D             0.1078 
                                       The Mixed Procedure 
 
                                Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      P          3D       H             0.0005 
                visual*interface  2D      P          3D       P             0.0008 
                visual*interface  2D      P          3D       W             0.3309 
                visual*interface  2D      W          3D       D             <.0001 
                visual*interface  2D      W          3D       H             <.0001 
                visual*interface  2D      W          3D       P             <.0001 
                visual*interface  2D      W          3D       W             <.0001 
                visual*interface  3D      D          3D       H             0.0128 
                visual*interface  3D      D          3D       P             0.0195 
                visual*interface  3D      D          3D       W             0.4172 
                visual*interface  3D      H          3D       P             0.8708 
                visual*interface  3D      H          3D       W             0.0012 
                visual*interface  3D      P          3D       W             0.0020 
 
 
                                      Tests of Effect Slices 
 
                                                       Num     Den 
           Effect              visual    interface      DF      DF    F Value    Pr > F 
 
           visual*interface    2D                        3      66      17.29    <.0001 
           visual*interface    3D                        3      66       5.78    0.0014 
           visual*interface              D               1      63      20.32    <.0001 
           visual*interface              H               1      63       4.99    0.0290 
           visual*interface              P               1      63      12.55    0.0008 
           visual*interface              W               1      63      20.09    <.0001 
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Appendix E3: Fidelity Study Inspection Task Performance Analysis SAS Output – Interaction Modality Effects LSD 
 
                              Hits analysis using only interface GLM                            
 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
     Class          Levels    Values 
 
     interface           4    D H P W 
 
     subject            24    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
 
 
                             Number of Observations Read          96 
                             Number of Observations Used          96 
 
                                        The GLM Procedure 
 
Dependent Variable: hits 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                       26     24050.77469       925.02980       8.24    <.0001 
 
       Error                       69      7747.93930       112.28898 
 
       Corrected Total             95     31798.71399 
 
                        R-Square     Coeff Var      Root MSE     hits Mean 
 
                        0.756344      16.79909      10.59665      63.07870 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       subject                     23     17127.70782       744.68295       6.63    <.0001 
       interface                    3      6923.06687      2307.68896      20.55    <.0001 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       subject                     23     17127.70782       744.68295       6.63    <.0001 
       interface                    3      6923.06687      2307.68896      20.55    <.0001 
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                                        The GLM Procedure 
 
                                      t Tests (LSD) for hits 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise 
error rate. 
 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           69 
                              Error Mean Square             112.289 
                              Critical Value of t           1.99495 
                              Least Significant Difference   6.1025 
 
 
                   Means with the same letter are not significantly different. 
 
 
                      t Grouping          Mean      N    interface 
 
                               A        73.056     24    W 
                               A 
                               A        69.653     24    D 
 
                               B        56.894     24    P 
                               B 
                               B        52.713     24    H 
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Appendix E4a: Fidelity Study Situation Awareness Data – Audio Track Change 
Detection 
 
ID Graphic Desktop Projector Window VR HMD 
1 1 1 2 1 
2 1 1 1.5 1 
3 1.5 3 3.5 0.5 
4 1 0.5 1 0 
5 2.5 1.5 1.5 0.5 
6 1.5 2 1.5 1.5 
7 3 2 2 2.5 
8 1 2.5 1.5 0.5 
17 2.5 2.5 1 1 
19 0.5 0.5 0 0 
21 4 1.5 4 3 
22 
3D 
 
1.5 2 3.5 1 
 
ID Graphic Desktop Projector Window VR HMD 
9 2 2.5 3.5 1 
10 1 0.5 0.5 1.5 
11 3.5 3.5 1 1 
12 3 2 3 2.5 
13 1 2 1.5 1 
14 4 1.5 3 1 
15 3 2.5 3 0.5 
16 2.5 1 2 1.5 
18 2 2.5 0.5 0 
20 3.5 3.5 3 3 
23 1.5 2 3 1.5 
24 
2.5D 
 
3.5 3.5 2.5 2 
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Appendix E4b: Fidelity Study Situation Awareness Data – % Audio Track Change 
Detection 
 
 
ID Graphic Desktop Projector Window VR HMD 
1 25 25 50 25 
2 25 25 37.5 25 
3 37.5 75 87.5 12.5 
4 25 12.5 25 0 
5 62.5 37.5 37.5 12.5 
6 37.5 50 37.5 37.5 
7 75 50 50 62.5 
8 25 62.5 37.5 12.5 
17 62.5 62.5 25 25 
19 12.5 12.5 0 0 
21 100 37.5 100 75 
22 
3D 
37.5 50 87.5 25 
 
ID Graphic Desktop Projector Window VR HMD 
9 50 62.5 87.5 25 
10 25 12.5 12.5 37.5 
11 87.5 87.5 25 25 
12 75 50 75 62.5 
13 25 50 37.5 25 
14 100 37.5 75 25 
15 75 62.5 75 12.5 
16 62.5 25 50 37.5 
18 50 62.5 12.5 0 
20 87.5 87.5 75 75 
23 37.5 50 75 37.5 
24 
2.5D 
 
87.5 87.5 62.5 50 
 
Appendix E5a: Fidelity Study Situation Awareness Data – Audio Recognition 
 
ID Graphic Desktop Projector Window VR HMD 
  Correct? Confidence Correct? Confidence Correct? Confidence Correct? Confidence 
1 0 5 1 1 0 2 0 3 
2 0 4 1 3 1 5 1 2 
3 0 3 1 3 0 3 0 3 
4 1 2 0 4 0 3 0 1 
5 1 3 0 3 1 3 0 1 
6 0 3 1 2 0 1 0 1 
7 1 3 0 1 1 2 0 2 
8 0 1 1 3 1 4 0 3 
17 0 1 1 1 0 1 1 1 
19 0 1 0 1 1 1 0 1 
21 0 3 0 2 1 3 1 2 
22 
3D 
 
1 2 0 3 0 1 1 3 
          
ID Graphic Desktop Projector Window VR HMD 
  Correct? Confidence Correct? Confidence Correct? Confidence Correct? Confidence 
9 1 5 0 1 1 3 0 3 
10 0 3 1 4 0 5 1 3 
11 0 1 0 1 0 3 0 1 
12 0 4 0 4 1 2 0 4 
13 0 2 0 4 0 4 1 4 
14 1 4 0 2 1 4 0 2 
15 0 2 0 4 0 3 0 3 
16 0 1 0 1 0 1 0 1 
18 1 1 0 1 0 1 0 1 
20 1 4 0 3 0 3 1 4 
23 1 2 0 3 1 4 0 2 
24 
2.5D 
 
0 4 0 4 0 4 1 3 
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Appendix E6a: Fidelity Study Situation Awareness Data – Flash Detection 
 
 
 
 
ID Graphic Desktop Projector Window VR HMD 
1 4 3 4 2 
2 3 4 3 3 
3 4 5 4 2 
4 4 5 4 2 
5 4 3 1 2 
6 5 4 4 2 
7 5 5 5 2 
8 5 4 3 2 
17 5 5 4 4 
19 4 4 3 4 
21 4 3 3 2 
22 
3D 
 
5 5 5 3 
 
ID Graphic Desktop Projector Window VR HMD 
9 5 5 4 3 
10 5 5 2 3 
11 5 5 4 4 
12 3 5 5 4 
13 5 5 4 3 
14 5 5 5 2 
15 5 4 3 3 
16 5 4 4 2 
18 5 5 3 2 
20 4 5 5 5 
23 5 4 4 5 
24 
2.5D 
 
4 5 5 3 
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Appendix E6b: Fidelity Study Situation Awareness Data – % Flash Detection 
 
 
 
 
 
ID Graphic Desktop Projector Window VR HMD 
1 80 60 80 40 
2 60 80 60 60 
3 80 100 80 40 
4 80 100 80 40 
5 80 60 20 40 
6 100 80 80 40 
7 100 100 100 40 
8 100 80 60 40 
17 100 100 80 80 
19 80 80 60 80 
21 80 60 60 40 
22 
3D 
100 100 100 60 
 
ID Graphic Desktop Projector Window VR HMD 
9 100 100 80 60 
10 100 100 40 60 
11 100 100 80 80 
12 60 100 100 80 
13 100 100 80 60 
14 100 100 100 40 
15 100 80 60 60 
16 100 80 80 40 
18 100 100 60 40 
20 80 100 100 100 
23 100 80 80 100 
24 
2.5D 
 
80 100 100 60 
Appendix E7: Fidelity Study Situation Awareness – % Audio Track Change Detection Main Effects SAS Analysis 
 
 
 
                                       The Mixed Procedure 
 
                                        Model Information 
 
                      Data Set                     WORK.FIDELITY_AUDIO 
                      Dependent Variable           audio 
                      Covariance Structure         Variance Components 
                      Estimation Method            REML 
                      Residual Variance Method     Profile 
                      Fixed Effects SE Method      Model-Based 
                      Degrees of Freedom Method    Satterthwaite 
 
 
                                     Class Level Information 
 
                      Class        Levels    Values 
 
                      visual            2    2D 3D 
                      subject          24    1 2 3 4 5 6 7 8 9 10 11 12 13 
                                             14 15 16 17 18 19 20 21 22 23 
                                             24 
                      interface         4    D H P W 
 
 
                                           Dimensions 
 
                               Covariance Parameters             2 
                               Columns in X                     15 
                               Columns in Z                     24 
                               Subjects                          1 
                               Max Obs Per Subject              96 
 
 
                                     Number of Observations 
 
                           Number of Observations Read              96 
                           Number of Observations Used              96 
                           Number of Observations Not Used           0 
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                                        Iteration History 
 
                   Iteration    Evaluations    -2 Res Log Like       Criterion 
 
                           0              1       833.94079451 
                           1              1       817.63701684      0.00000000 
 
 
                                    Convergence criteria met. 
 
 
                                       The Mixed Procedure 
 
                                       Covariance Parameter 
                                            Estimates 
 
                                   Cov Parm            Estimate 
 
                                   subject(visual)       243.35 
                                   Residual              366.26 
 
 
                                         Fit Statistics 
 
                              -2 Res Log Likelihood           817.6 
                              AIC (smaller is better)         821.6 
                              AICC (smaller is better)        821.8 
                              BIC (smaller is better)         824.0 
 
 
                                  Type 3 Tests of Fixed Effects 
 
                                           Num     Den 
                      Effect                DF      DF    F Value    Pr > F 
 
                      visual                 1      22       2.80    0.1085 
                      interface              3      66       7.59    0.0002 
                      visual*interface       3      66       0.56    0.6453 
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                                       Least Squares Means 
 
                                                         Standard 
  Effect              visual    interface    Estimate       Error      DF    t Value    Pr > |t| 
 
  visual*interface    2D        D             63.5417      7.1275    59.5       8.92      <.0001 
  visual*interface    2D        H             34.3750      7.1275    59.5       4.82      <.0001 
  visual*interface    2D        P             56.2500      7.1275    59.5       7.89      <.0001 
  visual*interface    2D        W             55.2083      7.1275    59.5       7.75      <.0001 
  visual*interface    3D        D             43.7500      7.1275    59.5       6.14      <.0001 
  visual*interface    3D        H             26.0417      7.1275    59.5       3.65      0.0005 
  visual*interface    3D        P             41.6667      7.1275    59.5       5.85      <.0001 
  visual*interface    3D        W             47.9167      7.1275    59.5       6.72      <.0001 
 
 
                               Differences of Least Squares Means 
 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          2D       H            29.1667    7.8130    66     3.73 
   visual*interface  2D      D          2D       P             7.2917    7.8130    66     0.93 
   visual*interface  2D      D          2D       W             8.3333    7.8130    66     1.07 
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                                        The Mixed Procedure 
 
                               Differences of Least Squares Means 
 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          3D       D            19.7917   10.0798  59.5     1.96 
   visual*interface  2D      D          3D       H            37.5000   10.0798  59.5     3.72 
   visual*interface  2D      D          3D       P            21.8750   10.0798  59.5     2.17 
   visual*interface  2D      D          3D       W            15.6250   10.0798  59.5     1.55 
   visual*interface  2D      H          2D       P           -21.8750    7.8130    66    -2.80 
   visual*interface  2D      H          2D       W           -20.8333    7.8130    66    -2.67 
   visual*interface  2D      H          3D       D            -9.3750   10.0798  59.5    -0.93 
   visual*interface  2D      H          3D       H             8.3333   10.0798  59.5     0.83 
   visual*interface  2D      H          3D       P            -7.2917   10.0798  59.5    -0.72 
   visual*interface  2D      H          3D       W           -13.5417   10.0798  59.5    -1.34 
   visual*interface  2D      P          2D       W             1.0417    7.8130    66     0.13 
   visual*interface  2D      P          3D       D            12.5000   10.0798  59.5     1.24 
   visual*interface  2D      P          3D       H            30.2083   10.0798  59.5     3.00 
   visual*interface  2D      P          3D       P            14.5833   10.0798  59.5     1.45 
   visual*interface  2D      P          3D       W             8.3333   10.0798  59.5     0.83 
   visual*interface  2D      W          3D       D            11.4583   10.0798  59.5     1.14 
   visual*interface  2D      W          3D       H            29.1667   10.0798  59.5     2.89 
   visual*interface  2D      W          3D       P            13.5417   10.0798  59.5     1.34 
   visual*interface  2D      W          3D       W             7.2917   10.0798  59.5     0.72 
   visual*interface  3D      D          3D       H            17.7083    7.8130    66     2.27 
   visual*interface  3D      D          3D       P             2.0833    7.8130    66     0.27 
   visual*interface  3D      D          3D       W            -4.1667    7.8130    66    -0.53 
   visual*interface  3D      H          3D       P           -15.6250    7.8130    66    -2.00 
   visual*interface  3D      H          3D       W           -21.8750    7.8130    66    -2.80 
   visual*interface  3D      P          3D       W            -6.2500    7.8130    66    -0.80 
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                           Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      D          2D       H             0.0004 
                visual*interface  2D      D          2D       P             0.3541 
                visual*interface  2D      D          2D       W             0.2900 
                visual*interface  2D      D          3D       D             0.0543 
                visual*interface  2D      D          3D       H             0.0004 
                visual*interface  2D      D          3D       P             0.0340 
                visual*interface  2D      D          3D       W             0.1264 
                visual*interface  2D      H          2D       P             0.0067 
                visual*interface  2D      H          2D       W             0.0096 
                visual*interface  2D      H          3D       D             0.3561 
                visual*interface  2D      H          3D       H             0.4117 
                visual*interface  2D      H          3D       P             0.4723 
                visual*interface  2D      H          3D       W             0.1842 
                visual*interface  2D      P          2D       W             0.8943 
                visual*interface  2D      P          3D       D             0.2198 
 
 
                                       The Mixed Procedure 
 
                                Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      P          3D       H             0.0040 
                visual*interface  2D      P          3D       P             0.1532 
                visual*interface  2D      P          3D       W             0.4117 
                visual*interface  2D      W          3D       D             0.2602 
                visual*interface  2D      W          3D       H             0.0053 
                visual*interface  2D      W          3D       P             0.1842 
                visual*interface  2D      W          3D       W             0.4723 
                visual*interface  3D      D          3D       H             0.0267 
                visual*interface  3D      D          3D       P             0.7906 
                visual*interface  3D      D          3D       W             0.5956 
                visual*interface  3D      H          3D       P             0.0496 
                visual*interface  3D      H          3D       W             0.0067 
                visual*interface  3D      P          3D       W             0.4266 
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                                    Tests of Effect Slices 
 
                                                       Num     Den 
           Effect              visual    interface      DF      DF    F Value    Pr > F 
 
           visual*interface    2D                        3      66       5.15    0.0029 
           visual*interface    3D                        3      66       3.00    0.0370 
           visual*interface              D               1    59.5       3.86    0.0543 
           visual*interface              H               1    59.5       0.68    0.4117 
           visual*interface              P               1    59.5       2.09    0.1532 
           visual*interface              W               1    59.5       0.52    0.4723 
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Appendix E8: Fidelity Study Situation Awareness – % Audio Track Change Detection – Interaction Modality LSD Analysis 
 
 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
     Class          Levels    Values 
 
     interface           4    D H P W 
 
     subject            24    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
 
 
                             Number of Observations Read          96 
                             Number of Observations Used          96 
 
 
                                        The GLM Procedure 
 
Dependent Variable: audio 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                       26     41562.50000      1598.55769       4.45    <.0001 
 
       Error                       69     24785.15625       359.20516 
 
       Corrected Total             95     66347.65625 
 
 
                        R-Square     Coeff Var      Root MSE    audio Mean 
 
                        0.626435      41.11774      18.95271      46.09375 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       subject                     23     33222.65625      1444.46332       4.02    <.0001 
       interface                    3      8339.84375      2779.94792       7.74    0.0002 
 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       subject                     23     33222.65625      1444.46332       4.02    <.0001 
       interface                    3      8339.84375      2779.94792       7.74    0.0002 
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                                         The GLM Procedure 
 
                                     t Tests (LSD) for audio 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate. 
 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           69 
                              Error Mean Square            359.2052 
                              Critical Value of t           1.99495 
                              Least Significant Difference   10.915 
 
 
                   Means with the same letter are not significantly different. 
 
 
                      t Grouping          Mean      N    interface 
 
                               A        53.646     24    D 
                               A 
                               A        51.563     24    W 
                               A 
                               A        48.958     24    P 
 
                               B        30.208     24    H 
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Appendix E9: Fidelity Study Situation Awareness –Audio Recognition Main Effects SAS Analysis 
 
 
 
                                       The Mixed Procedure 
 
                                        Model Information 
 
                      Data Set                     WORK.FIDELITY_AUDIO_ 
                                                   RECOGNITION 
                      Dependent Variable           score 
                      Covariance Structure         Variance Components 
                      Estimation Method            REML 
                      Residual Variance Method     Profile 
                      Fixed Effects SE Method      Model-Based 
                      Degrees of Freedom Method    Satterthwaite 
 
 
                                     Class Level Information 
 
                      Class        Levels    Values 
 
                      visual            2    2D 3D 
                      subject          24    1 2 3 4 5 6 7 8 9 10 11 12 13 
                                             14 15 16 17 18 19 20 21 22 23 
                                             24 
                      interface         4    D H P W 
 
 
                                           Dimensions 
 
                               Covariance Parameters             2 
                               Columns in X                     15 
                               Columns in Z                     24 
                               Subjects                          1 
                               Max Obs Per Subject              96 
 
 
                                     Number of Observations 
 
                           Number of Observations Read              96 
                           Number of Observations Used              96 
                           Number of Observations Not Used           0 
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                                        Iteration History 
 
                   Iteration    Evaluations    -2 Res Log Like       Criterion 
 
                           0              1        61.26999426 
                           1              1        61.26999426      0.00000000 
 
 
                                    Convergence criteria met. 
 
                                       The Mixed Procedure 
 
                                       Covariance Parameter 
                                            Estimates 
 
                                   Cov Parm            Estimate 
 
                                   subject(visual)            0 
                                   Residual             0.09371 
 
 
                                         Fit Statistics 
 
                              -2 Res Log Likelihood            61.3 
                              AIC (smaller is better)          63.3 
                              AICC (smaller is better)         63.3 
                              BIC (smaller is better)          64.4 
 
 
                                  Type 3 Tests of Fixed Effects 
 
                                           Num     Den 
                      Effect                DF      DF    F Value    Pr > F 
 
                      visual                 1      88       0.02    0.8942 
                      interface              3      88       0.63    0.5986 
                      visual*interface       3      88       1.05    0.3749 
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                                       Least Squares Means 
 
                                                         Standard 
  Effect              visual    interface    Estimate       Error      DF    t Value    Pr > |t| 
 
  visual*interface    2D        D              0.2667     0.08837      88       3.02      0.0033 
  visual*interface    2D        H              0.2333     0.08837      88       2.64      0.0098 
  visual*interface    2D        P             0.06667     0.08837      88       0.75      0.4526 
  visual*interface    2D        W              0.2167     0.08837      88       2.45      0.0162 
  visual*interface    3D        D              0.1667     0.08837      88       1.89      0.0626 
  visual*interface    3D        H              0.1333     0.08837      88       1.51      0.1349 
  visual*interface    3D        P              0.2167     0.08837      88       2.45      0.0162 
  visual*interface    3D        W              0.3000     0.08837      88       3.39      0.0010 
 
 
                               Differences of Least Squares Means 
 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          2D       H            0.03333    0.1250    88     0.27 
   visual*interface  2D      D          2D       P             0.2000    0.1250    88     1.60 
   visual*interface  2D      D          2D       W            0.05000    0.1250    88     0.40 
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                                      The Mixed Procedure 
 
                               Differences of Least Squares Means 
 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          3D       D             0.1000    0.1250    88     0.80 
   visual*interface  2D      D          3D       H             0.1333    0.1250    88     1.07 
   visual*interface  2D      D          3D       P            0.05000    0.1250    88     0.40 
   visual*interface  2D      D          3D       W           -0.03333    0.1250    88    -0.27 
   visual*interface  2D      H          2D       P             0.1667    0.1250    88     1.33 
   visual*interface  2D      H          2D       W            0.01667    0.1250    88     0.13 
   visual*interface  2D      H          3D       D            0.06667    0.1250    88     0.53 
   visual*interface  2D      H          3D       H             0.1000    0.1250    88     0.80 
   visual*interface  2D      H          3D       P            0.01667    0.1250    88     0.13 
   visual*interface  2D      H          3D       W           -0.06667    0.1250    88    -0.53 
   visual*interface  2D      P          2D       W            -0.1500    0.1250    88    -1.20 
   visual*interface  2D      P          3D       D            -0.1000    0.1250    88    -0.80 
   visual*interface  2D      P          3D       H           -0.06667    0.1250    88    -0.53 
   visual*interface  2D      P          3D       P            -0.1500    0.1250    88    -1.20 
   visual*interface  2D      P          3D       W            -0.2333    0.1250    88    -1.87 
   visual*interface  2D      W          3D       D            0.05000    0.1250    88     0.40 
   visual*interface  2D      W          3D       H            0.08333    0.1250    88     0.67 
   visual*interface  2D      W          3D       P           -971E-19    0.1250    88    -0.00 
   visual*interface  2D      W          3D       W           -0.08333    0.1250    88    -0.67 
   visual*interface  3D      D          3D       H            0.03333    0.1250    88     0.27 
   visual*interface  3D      D          3D       P           -0.05000    0.1250    88    -0.40 
   visual*interface  3D      D          3D       W            -0.1333    0.1250    88    -1.07 
   visual*interface  3D      H          3D       P           -0.08333    0.1250    88    -0.67 
   visual*interface  3D      H          3D       W            -0.1667    0.1250    88    -1.33 
   visual*interface  3D      P          3D       W           -0.08333    0.1250    88    -0.67 
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                             Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      D          2D       H             0.7903 
                visual*interface  2D      D          2D       P             0.1131 
                visual*interface  2D      D          2D       W             0.6901 
                visual*interface  2D      D          3D       D             0.4258 
                visual*interface  2D      D          3D       H             0.2889 
                visual*interface  2D      D          3D       P             0.6901 
                visual*interface  2D      D          3D       W             0.7903 
                visual*interface  2D      H          2D       P             0.1858 
                visual*interface  2D      H          2D       W             0.8942 
                visual*interface  2D      H          3D       D             0.5951 
                visual*interface  2D      H          3D       H             0.4258 
                visual*interface  2D      H          3D       P             0.8942 
                visual*interface  2D      H          3D       W             0.5951 
                visual*interface  2D      P          2D       W             0.2333 
                visual*interface  2D      P          3D       D             0.4258 
 
 
                                       The Mixed Procedure 
 
                                Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      P          3D       H             0.5951 
                visual*interface  2D      P          3D       P             0.2333 
                visual*interface  2D      P          3D       W             0.0652 
                visual*interface  2D      W          3D       D             0.6901 
                visual*interface  2D      W          3D       H             0.5066 
                visual*interface  2D      W          3D       P             1.0000 
                visual*interface  2D      W          3D       W             0.5066 
                visual*interface  3D      D          3D       H             0.7903 
                visual*interface  3D      D          3D       P             0.6901 
                visual*interface  3D      D          3D       W             0.2889 
                visual*interface  3D      H          3D       P             0.5066 
                visual*interface  3D      H          3D       W             0.1858 
                visual*interface  3D      P          3D       W             0.5066 
 
 
 260
                                      Tests of Effect Slices 
 
                                                       Num     Den 
           Effect              visual    interface      DF      DF    F Value    Pr > F 
 
           visual*interface    2D                        3      88       1.00    0.3946 
           visual*interface    3D                        3      88       0.67    0.5709 
           visual*interface              D               1      88       0.64    0.4258 
           visual*interface              H               1      88       0.64    0.4258 
           visual*interface              P               1      88       1.44    0.2333 
           visual*interface              W               1      88       0.44    0.5066 
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Appendix E10: Fidelity Study Situation Awareness – % Flash Detection Main Effects SAS Analysis 
 
 
                                       The Mixed Procedure 
 
                                        Model Information 
 
                      Data Set                     WORK.FIDELITY_FLASH 
                      Dependent Variable           flash 
                      Covariance Structure         Variance Components 
                      Estimation Method            REML 
                      Residual Variance Method     Profile 
                      Fixed Effects SE Method      Model-Based 
                      Degrees of Freedom Method    Satterthwaite 
 
 
                                     Class Level Information 
 
                      Class        Levels    Values 
 
                      visual            2    2D 3D 
                      subject          24    1 2 3 4 5 6 7 8 9 10 11 12 13 
                                             14 15 16 17 18 19 20 21 22 23 
                                             24 
                      interface         4    D H P W 
 
 
                                           Dimensions 
 
                               Covariance Parameters             2 
                               Columns in X                     15 
                               Columns in Z                     24 
                               Subjects                          1 
                               Max Obs Per Subject              96 
 
 
                                     Number of Observations 
 
                           Number of Observations Read              96 
                           Number of Observations Used              96 
                           Number of Observations Not Used           0 
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                                        Iteration History 
 
                   Iteration    Evaluations    -2 Res Log Like       Criterion 
 
                           0              1       765.21162485 
                           1              1       763.53113551      0.00000000 
 
 
                                    Convergence criteria met. 
 
                                       The Mixed Procedure 
 
                                       Covariance Parameter 
                                            Estimates 
 
                                   Cov Parm            Estimate 
 
                                   subject(visual)      33.5859 
                                   Residual              245.58 
 
 
                                         Fit Statistics 
 
                              -2 Res Log Likelihood           763.5 
                              AIC (smaller is better)         767.5 
                              AICC (smaller is better)        767.7 
                              BIC (smaller is better)         769.9 
 
 
                                  Type 3 Tests of Fixed Effects 
 
                                           Num     Den 
                      Effect                DF      DF    F Value    Pr > F 
 
                      visual                 1      22       6.85    0.0157 
                      interface              3      66      22.59    <.0001 
                      visual*interface       3      66       0.33    0.8010 
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                                     Least Squares Means 
 
                                                         Standard 
  Effect              visual    interface    Estimate       Error      DF    t Value    Pr > |t| 
 
  visual*interface    2D        D             93.3333      4.8233    84.3      19.35      <.0001 
  visual*interface    2D        H             65.0000      4.8233    84.3      13.48      <.0001 
  visual*interface    2D        P             95.0000      4.8233    84.3      19.70      <.0001 
  visual*interface    2D        W             80.0000      4.8233    84.3      16.59      <.0001 
  visual*interface    3D        D             86.6667      4.8233    84.3      17.97      <.0001 
  visual*interface    3D        H             50.0000      4.8233    84.3      10.37      <.0001 
  visual*interface    3D        P             83.3333      4.8233    84.3      17.28      <.0001 
  visual*interface    3D        W             71.6667      4.8233    84.3      14.86      <.0001 
 
 
                               Differences of Least Squares Means 
 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          2D       H            28.3333    6.3977    66     4.43 
   visual*interface  2D      D          2D       P            -1.6667    6.3977    66    -0.26 
   visual*interface  2D      D          2D       W            13.3333    6.3977    66     2.08 
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                                       The Mixed Procedure 
 
                               Differences of Least Squares Means 
 
                                                                       Standard 
   Effect            visual  interface  _visual  _interface  Estimate     Error    DF  t Value 
 
   visual*interface  2D      D          3D       D             6.6667    6.8211  84.3     0.98 
   visual*interface  2D      D          3D       H            43.3333    6.8211  84.3     6.35 
   visual*interface  2D      D          3D       P            10.0000    6.8211  84.3     1.47 
   visual*interface  2D      D          3D       W            21.6667    6.8211  84.3     3.18 
   visual*interface  2D      H          2D       P           -30.0000    6.3977    66    -4.69 
   visual*interface  2D      H          2D       W           -15.0000    6.3977    66    -2.34 
   visual*interface  2D      H          3D       D           -21.6667    6.8211  84.3    -3.18 
   visual*interface  2D      H          3D       H            15.0000    6.8211  84.3     2.20 
   visual*interface  2D      H          3D       P           -18.3333    6.8211  84.3    -2.69 
   visual*interface  2D      H          3D       W            -6.6667    6.8211  84.3    -0.98 
   visual*interface  2D      P          2D       W            15.0000    6.3977    66     2.34 
   visual*interface  2D      P          3D       D             8.3333    6.8211  84.3     1.22 
   visual*interface  2D      P          3D       H            45.0000    6.8211  84.3     6.60 
   visual*interface  2D      P          3D       P            11.6667    6.8211  84.3     1.71 
   visual*interface  2D      P          3D       W            23.3333    6.8211  84.3     3.42 
   visual*interface  2D      W          3D       D            -6.6667    6.8211  84.3    -0.98 
   visual*interface  2D      W          3D       H            30.0000    6.8211  84.3     4.40 
   visual*interface  2D      W          3D       P            -3.3333    6.8211  84.3    -0.49 
   visual*interface  2D      W          3D       W             8.3333    6.8211  84.3     1.22 
   visual*interface  3D      D          3D       H            36.6667    6.3977    66     5.73 
   visual*interface  3D      D          3D       P             3.3333    6.3977    66     0.52 
   visual*interface  3D      D          3D       W            15.0000    6.3977    66     2.34 
   visual*interface  3D      H          3D       P           -33.3333    6.3977    66    -5.21 
   visual*interface  3D      H          3D       W           -21.6667    6.3977    66    -3.39 
   visual*interface  3D      P          3D       W            11.6667    6.3977    66     1.82 
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                                Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      D          2D       H             <.0001 
                visual*interface  2D      D          2D       P             0.7953 
                visual*interface  2D      D          2D       W             0.0410 
                visual*interface  2D      D          3D       D             0.3312 
                visual*interface  2D      D          3D       H             <.0001 
                visual*interface  2D      D          3D       P             0.1464 
                visual*interface  2D      D          3D       W             0.0021 
                visual*interface  2D      H          2D       P             <.0001 
                visual*interface  2D      H          2D       W             0.0221 
                visual*interface  2D      H          3D       D             0.0021 
                visual*interface  2D      H          3D       H             0.0306 
                visual*interface  2D      H          3D       P             0.0087 
                visual*interface  2D      H          3D       W             0.3312 
                visual*interface  2D      P          2D       W             0.0221 
                visual*interface  2D      P          3D       D             0.2252 
 
 
                                       The Mixed Procedure 
 
                                Differences of Least Squares Means 
 
                Effect            visual  interface  _visual  _interface  Pr > |t| 
 
                visual*interface  2D      P          3D       H             <.0001 
                visual*interface  2D      P          3D       P             0.0909 
                visual*interface  2D      P          3D       W             0.0010 
                visual*interface  2D      W          3D       D             0.3312 
                visual*interface  2D      W          3D       H             <.0001 
                visual*interface  2D      W          3D       P             0.6263 
                visual*interface  2D      W          3D       W             0.2252 
                visual*interface  3D      D          3D       H             <.0001 
                visual*interface  3D      D          3D       P             0.6041 
                visual*interface  3D      D          3D       W             0.0221 
                visual*interface  3D      H          3D       P             <.0001 
                visual*interface  3D      H          3D       W             0.0012 
                visual*interface  3D      P          3D       W             0.0727 
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                                   Tests of Effect Slices 
 
                                                       Num     Den 
           Effect              visual    interface      DF      DF    F Value    Pr > F 
 
           visual*interface    2D                        3      66       9.50    <.0001 
           visual*interface    3D                        3      66      13.43    <.0001 
           visual*interface              D               1    84.3       0.96    0.3312 
           visual*interface              H               1    84.3       4.84    0.0306 
           visual*interface              P               1    84.3       2.93    0.0909 
           visual*interface              W               1    84.3       1.49    0.2252 
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Appendix E11: Fidelity Study Situation Awareness – % Flash Detection Interaction Modality Effects LSD Analysis 
 
 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
     Class          Levels    Values 
 
     interface           4    D H P W 
 
     subject            24    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
 
 
                             Number of Observations Read          96 
                             Number of Observations Used          96 
 
 
                                        The GLM Procedure 
 
Dependent Variable: flash 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                       26     27608.33333      1061.85897       4.45    <.0001 
 
       Error                       69     16454.16667       238.46618 
 
       Corrected Total             95     44062.50000 
 
 
                        R-Square     Coeff Var      Root MSE    flash Mean 
 
                        0.626572      19.76621      15.44235      78.12500 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       subject                     23     10962.50000       476.63043       2.00    0.0145 
       interface                    3     16645.83333      5548.61111      23.27    <.0001 
 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       subject                     23     10962.50000       476.63043       2.00    0.0145 
       interface                    3     16645.83333      5548.61111      23.27    <.0001 
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                                        The GLM Procedure 
 
                                     t Tests (LSD) for flash 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate. 
 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           69 
                              Error Mean Square            238.4662 
                              Critical Value of t           1.99495 
                              Least Significant Difference   8.8931 
 
 
                   Means with the same letter are not significantly different. 
 
 
                      t Grouping          Mean      N    interface 
 
                               A        90.000     24    D 
                               A 
                               A        89.167     24    P 
 
                               B        75.833     24    W 
 
                               C        57.500     24    H 
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Appendix E12: Fidelity Study –Participants’ Ranking of the Interfaces SAS Analysis – Friedman Test 
 
 
 
                                        The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RANKSCORE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     16.8200    <.0001 
                     2        Row Mean Scores Differ     3     24.6000    <.0001 
 
 
                                      Total Sample Size = 96 
 
                            MEANS for overall interface fidelity RANKS                           
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RANKSCORE 
 
                     N 
      INTERFACE    Obs     N            Mean         Std Dev         Minimum         Maximum 
      ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
      D             24    24       2.8333333       1.0901403       1.0000000       4.0000000 
 
      H             24    24       3.3333333       0.8164966       2.0000000       4.0000000 
 
      P             24    24       2.2500000       0.9440892       1.0000000       4.0000000 
 
      W             24    24       1.5833333       0.8297022       1.0000000       3.0000000 
      ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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                         FRIEDMAN TEST by visual interface fidelity RANKS                        
 
------------------------------------------- VISUAL=2D -------------------------------------------- 
 
                                        The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RANKSCORE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      8.4100    0.0037 
                     2        Row Mean Scores Differ     3     13.9000    0.0030 
 
 
                                      Total Sample Size = 48 
 
 
                             MEANS by visual interface fidelity RANKS                           
 
------------------------------------------- VISUAL=2D -------------------------------------------- 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RANKSCORE 
 
                     N 
      INTERFACE    Obs     N            Mean         Std Dev         Minimum         Maximum 
      ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
      D             12    12       2.7500000       1.0552897       1.0000000       4.0000000 
 
      H             12    12       3.4166667       0.7929615       2.0000000       4.0000000 
 
      P             12    12       2.3333333       0.9847319       1.0000000       4.0000000 
 
      W             12    12       1.5000000       0.7977240       1.0000000       3.0000000 
      ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
 271
 272
 
                         FRIEDMAN TEST by visual interface fidelity RANKS                        
 
 
------------------------------------------- VISUAL=3D -------------------------------------------- 
 
                                        The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RANKSCORE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      8.4100    0.0037 
                     2        Row Mean Scores Differ     3     11.1000    0.0112 
 
 
                                      Total Sample Size = 48 
 
 
 
                             MEANS by visual interface fidelity RANKS                           
 
 
------------------------------------------- VISUAL=3D -------------------------------------------- 
 
                                  Analysis Variable : RANKSCORE 
 
                     N 
      INTERFACE    Obs     N            Mean         Std Dev         Minimum         Maximum 
      ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
      D             12    12       2.9166667       1.1645002       1.0000000       4.0000000 
 
      H             12    12       3.2500000       0.8660254       2.0000000       4.0000000 
 
      P             12    12       2.1666667       0.9374369       1.0000000       4.0000000 
 
      W             12    12       1.6666667       0.8876254       1.0000000       3.0000000 
      ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
Appendix E13: Fidelity Study –Participants’ Ranking of the Interfaces LSD Analysis 
 
 
• Rank observations from k treatments separately within each of the b blocks. 
 
• All pairs of rank means are compared. Two treatments are declared different if: 
 
Treatment Number Sum of ranks 
Desktop 24 68 
Projector 24 54 
Window VR 24 38 
HMD 24 80 
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.73043545 0.730435 
Projector   0.73043545 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.583333 1.25 0.5 
Projector   0.666666667 1.083333 
Window VR    1.75 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop 
 maybe 
not different maybe not 
Projector   maybe not different 
Window VR    different 
HMD     
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Appendix E14: Fidelity Study – Subjective Response Analysis on Interaction Modality – Friedman Test 
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----------------------------------------- QUESTION=Q01 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      6.4883    0.0109 
                     2        Row Mean Scores Differ     3      8.2552    0.0410 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q02 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     17.1495    <.0001 
                     2        Row Mean Scores Differ     3     18.5440    0.0003 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                          
 274
 ----------------------------------------- QUESTION=Q03 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      4.2892    0.0384 
                     2        Row Mean Scores Differ     3      7.9662    0.0467 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                          
 
----------------------------------------- QUESTION=Q04 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     12.0624    0.0005 
                     2        Row Mean Scores Differ     3     14.3604    0.0025 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q05 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     11.1797    0.0008 
                     2        Row Mean Scores Differ     3     14.4545    0.0023 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q06 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     14.4018    0.0001 
                     2        Row Mean Scores Differ     3     14.7455    0.0020 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                         
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 ----------------------------------------- QUESTION=Q07 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      5.8646    0.0154 
                     2        Row Mean Scores Differ     3      9.5841    0.0225 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q08 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     16.3350    <.0001 
                     2        Row Mean Scores Differ     3     25.6500    <.0001 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                         
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----------------------------------------- QUESTION=Q09 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      2.6667    0.1025 
                     2        Row Mean Scores Differ     3     14.9167    0.0019 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q10 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     13.8788    0.0002 
                     2        Row Mean Scores Differ     3     22.6425    <.0001 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q11 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     15.0261    0.0001 
                     2        Row Mean Scores Differ     3     18.9783    0.0003 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                          
 
 
----------------------------------------- QUESTION=Q12 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     10.1053    0.0015 
                     2        Row Mean Scores Differ     3     18.6000    0.0003 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q13 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     12.0273    0.0005 
                     2        Row Mean Scores Differ     3     36.3920    <.0001 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q14 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      6.4374    0.0112 
                     2        Row Mean Scores Differ     3      8.6010    0.0351 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q15 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      7.0879    0.0078 
                     2        Row Mean Scores Differ     3     18.0158    0.0004 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                          
 
 
----------------------------------------- QUESTION=Q16 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1     15.0754    0.0001 
                     2        Row Mean Scores Differ     3     17.2167    0.0006 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q17 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.5565    0.4557 
                     2        Row Mean Scores Differ     3      3.0217    0.3883 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q18 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      9.7207    0.0018 
                     2        Row Mean Scores Differ     3     32.3964    <.0001 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q19 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.0000    1.0000 
                     2        Row Mean Scores Differ     3      2.1570    0.5405 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q20 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.1620    0.6873 
                     2        Row Mean Scores Differ     3     13.6200    0.0035 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q21 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.0484    0.8259 
                     2        Row Mean Scores Differ     3     12.4452    0.0060 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q22 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      8.0641    0.0045 
                     2        Row Mean Scores Differ     3     23.9461    <.0001 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q23 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.0716    0.7890 
                     2        Row Mean Scores Differ     3      2.6418    0.4502 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q24 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      2.7034    0.1001 
                     2        Row Mean Scores Differ     3      6.0345    0.1099 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q25 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      1.6884    0.1938 
                     2        Row Mean Scores Differ     3      2.4419    0.4859 
 
 
                                     Total Sample Size = 96 
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----------------------------------------- QUESTION=Q26 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      2.6898    0.1010 
                     2        Row Mean Scores Differ     3      4.8305    0.1846 
 
 
                                     Total Sample Size = 96 
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 ----------------------------------------- QUESTION=Q27 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.0041    0.9489 
                     2        Row Mean Scores Differ     3      5.4658    0.1407 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                          
 
 
----------------------------------------- QUESTION=Q28 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.0034    0.9532 
                     2        Row Mean Scores Differ     3      1.7586    0.6240 
 
 
                                     Total Sample Size = 96 
 
                             MEANS for interface fidelity Subjective                         
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 ----------------------------------------- QUESTION=Q29 ------------------------------------------ 
 
                                       The FREQ Procedure 
 
                          Summary Statistics for INTERFACE by RESPONSE 
                                     Controlling for SUBJECT 
 
                    Cochran-Mantel-Haenszel Statistics (Based on Rank Scores) 
 
                 Statistic    Alternative Hypothesis    DF       Value      Prob 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                     1        Nonzero Correlation        1      0.0074    0.9316 
                     2        Row Mean Scores Differ     3      4.3620    0.2249 
 
 
                                     Total Sample Size = 96 
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Appendix E14a: Fidelity Study – Subjective Response Analysis on Interaction Modality – Means 
 
 
----------------------------------------- QUESTION=Q01 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.3750000       1.2790112       1.0000000       5.0000000 
 
    H              24      24       3.3333333       1.1293194       1.0000000       5.0000000 
 
    P              24      24       3.6250000       1.0555238       1.0000000       5.0000000 
 
    W              24      24       4.1250000       0.7974143       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q02 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       2.8333333       1.2038585       1.0000000       5.0000000 
 
    H              24      24       2.9583333       0.9545847       1.0000000       5.0000000 
 
    P              24      24       3.3333333       1.0072203       2.0000000       5.0000000 
 
    W              24      24       3.9166667       0.9286112       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q03 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.6250000       0.9237212       1.0000000       5.0000000 
 
    H              24      24       3.5833333       0.9286112       2.0000000       5.0000000 
 
    P              24      24       3.7083333       0.8064504       2.0000000       5.0000000 
 
    W              24      24       4.0833333       0.8297022       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q04 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       2.7083333       1.1970677       1.0000000       5.0000000 
 
    H              24      24       2.8750000       1.0759223       1.0000000       5.0000000 
 
    P              24      24       3.1250000       1.1539158       1.0000000       5.0000000 
 
    W              24      24       3.7916667       1.0623668       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q05 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.2916667       1.2328534       1.0000000       5.0000000 
 
    H              24      24       3.2916667       1.0826363       1.0000000       5.0000000 
 
    P              24      24       3.9166667       0.7755316       2.0000000       5.0000000 
 
    W              24      24       4.1250000       0.6796738       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q06 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.2500000       1.2247449       1.0000000       5.0000000 
 
    H              24      24       3.6250000       1.0555238       1.0000000       5.0000000 
 
    P              24      24       4.0416667       0.7506036       2.0000000       5.0000000 
 
    W              24      24       4.2916667       0.8064504       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q07 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.9166667       0.8297022       2.0000000       5.0000000 
 
    H              24      24       3.8333333       0.6370221       3.0000000       5.0000000 
 
    P              24      24       4.0000000       0.7223151       3.0000000       5.0000000 
 
    W              24      24       4.2916667       0.6240935       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q08 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.2500000       1.4218787       1.0000000       5.0000000 
 
    H              24      24       3.7500000       0.9890707       2.0000000       5.0000000 
 
    P              24      24       2.7916667       1.2846643       1.0000000       5.0000000 
 
    W              24      24       1.9583333       0.8586727       1.0000000       4.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q09 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.8750000       1.1156008       1.0000000       5.0000000 
 
    H              24      24       2.9166667       1.0179548       1.0000000       4.0000000 
 
    P              24      24       3.7916667       1.1787675       1.0000000       5.0000000 
 
    W              24      24       4.0000000       0.9780193       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q10 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.4583333       1.2503623       1.0000000       5.0000000 
 
    H              24      24       3.0833333       1.0598058       1.0000000       5.0000000 
 
    P              24      24       3.8333333       1.0494995       2.0000000       5.0000000 
 
    W              24      24       4.3333333       0.7613870       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q11 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.0000000       1.3513278       1.0000000       5.0000000 
 
    H              24      24       2.7083333       1.1220775       1.0000000       5.0000000 
 
    P              24      24       3.5000000       1.2510865       1.0000000       5.0000000 
 
    W              24      24       3.9583333       0.9990938       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q12 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.0833333       1.4719601       1.0000000       5.0000000 
 
    H              24      24       2.5416667       0.9315329       1.0000000       4.0000000 
 
    P              24      24       3.3333333       1.2740441       1.0000000       5.0000000 
 
    W              24      24       4.0000000       0.9780193       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q13 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.6250000       1.2445534       1.0000000       5.0000000 
 
    H              24      24       2.3750000       1.0134959       1.0000000       5.0000000 
 
    P              24      24       3.5833333       1.1389036       1.0000000       5.0000000 
 
    W              24      24       4.3333333       0.9630868       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q14 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.3333333       1.3405601       1.0000000       5.0000000 
 
    H              24      24       3.2500000       0.9440892       1.0000000       5.0000000 
 
    P              24      24       2.5000000       1.1033546       1.0000000       5.0000000 
 
    W              24      24       2.5000000       1.2510865       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q15 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.5416667       1.2503623       1.0000000       5.0000000 
 
    H              24      24       2.8333333       1.0494995       1.0000000       5.0000000 
 
    P              24      24       3.4583333       1.2503623       1.0000000       5.0000000 
 
    W              24      24       4.1250000       0.5366968       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q16 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       2.7083333       1.3981095       1.0000000       5.0000000 
 
    H              24      24       2.7916667       1.0206207       1.0000000       5.0000000 
 
    P              24      24       3.5416667       1.4135729       1.0000000       5.0000000 
 
    W              24      24       3.9166667       0.9286112       3.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q17 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       2.8750000       1.1539158       1.0000000       5.0000000 
 
    H              24      24       3.2916667       1.0417029       1.0000000       5.0000000 
 
    P              24      24       3.0416667       1.1970677       1.0000000       5.0000000 
 
    W              24      24       3.2916667       1.0417029       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q18 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       1.6250000       0.8242256       1.0000000       4.0000000 
 
    H              24      24       2.7083333       1.0826363       1.0000000       5.0000000 
 
    P              24      24       1.8333333       1.0494995       1.0000000       4.0000000 
 
    W              24      24       2.9583333       1.2676293       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q19 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       2.0625000       1.0248277       1.0000000       4.0000000 
 
    H              24      24       2.4166667       1.0179548       1.0000000       4.0000000 
 
    P              24      24       2.2500000       0.9890707       1.0000000       4.0000000 
 
    W              24      24       2.0416667       0.9545847       1.0000000       4.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q20 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       1.9166667       0.9286112       1.0000000       4.0000000 
 
    H              24      24       2.6666667       1.0494995       1.0000000       5.0000000 
 
    P              24      24       2.2083333       0.9315329       1.0000000       4.0000000 
 
    W              24      24       2.1666667       0.9168313       1.0000000       4.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q21 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.9583333       0.9545847       1.0000000       5.0000000 
 
    H              24      24       3.1666667       0.9630868       1.0000000       5.0000000 
 
    P              24      24       3.6666667       0.9168313       1.0000000       5.0000000 
 
    W              24      24       3.8333333       0.9168313       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q22 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       2.1666667       1.2740441       1.0000000       5.0000000 
 
    H              24      24       2.6666667       1.0494995       1.0000000       5.0000000 
 
    P              24      24       2.0000000       1.1420805       1.0000000       4.0000000 
 
    W              24      24       1.6250000       0.7109394       1.0000000       3.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
 
 299
 ----------------------------------------- QUESTION=Q23 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.7916667       0.8836272       2.0000000       5.0000000 
 
    H              24      24       3.6458333       0.9380735       2.0000000       5.0000000 
 
    P              24      24       3.7083333       0.9078961       2.0000000       5.0000000 
 
    W              24      24       3.7500000       0.9440892       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q24 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       4.0416667       0.9990938       2.0000000       5.0000000 
 
    H              24      24       4.0000000       0.9325048       2.0000000       5.0000000 
 
    P              24      24       4.1666667       0.9168313       2.0000000       5.0000000 
 
    W              24      24       4.2500000       0.9890707       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q25 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.5416667       1.1025333       1.0000000       5.0000000 
 
    H              24      24       3.6250000       0.8753881       2.0000000       5.0000000 
 
    P              24      24       3.7083333       0.9078961       2.0000000       5.0000000 
 
    W              24      24       3.6666667       1.0494995       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q26 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.7916667       1.2150923       1.0000000       5.0000000 
 
    H              24      24       3.7500000       0.9890707       1.0000000       5.0000000 
 
    P              24      24       3.8333333       1.1293194       1.0000000       5.0000000 
 
    W              24      24       3.9583333       1.1220775       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q27 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.6250000       0.8753881       1.0000000       5.0000000 
 
    H              24      24       3.4208333       0.7734615       2.0000000       5.0000000 
 
    P              24      24       3.5000000       0.7801895       2.0000000       5.0000000 
 
    W              24      24       3.6250000       1.0134959       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q28 ------------------------------------------ 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       4.0416667       0.7506036       2.0000000       5.0000000 
 
    H              24      24       3.8333333       0.9168313       2.0000000       5.0000000 
 
    P              24      24       3.9166667       0.7755316       2.0000000       5.0000000 
 
    W              24      24       4.0000000       0.9325048       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q29 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                  Analysis Variable : RESPONSE 
 
                    N 
    INTERFACE     Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    D              24      24       3.2916667       1.1220775       1.0000000       5.0000000 
 
    H              24      24       2.9166667       0.9743076       1.0000000       5.0000000 
 
    P              24      24       3.2916667       1.1220775       1.0000000       5.0000000 
 
    W              24      24       3.1666667       0.9630868       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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Appendix E15: Fidelity Study – Subjective Response Analysis on Graphic Fidelity – Kruskal Wallis Test 
 
 
 
----------------------------------------- QUESTION=Q01 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       1934.50        2328.0    128.215608     40.302083 
             2D          48       2721.50        2328.0    128.215608     56.697917 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             1934.5000 
 
                                 Normal Approximation 
                                 Z                       -3.0651 
                                 One-Sided Pr <  Z        0.0011 
                                 Two-Sided Pr > |Z|       0.0022 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0014 
                                 Two-Sided Pr > |Z|       0.0028 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               9.4191 
                                 DF                            1 
                                 Pr > Chi-Square          0.0021 
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 ----------------------------------------- QUESTION=Q02 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        1991.0        2328.0    131.196117     41.479167 
             2D          48        2665.0        2328.0    131.196117     55.520833 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             1991.0000 
 
                                 Normal Approximation 
                                 Z                       -2.5649 
                                 One-Sided Pr <  Z        0.0052 
                                 Two-Sided Pr > |Z|       0.0103 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0059 
                                 Two-Sided Pr > |Z|       0.0119 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               6.5981 
                                 DF                            1 
                                 Pr > Chi-Square          0.0102 
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----------------------------------------- QUESTION=Q03 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2147.0        2328.0    126.330394     44.729167 
             2D          48        2509.0        2328.0    126.330394     52.270833 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2147.0000 
 
                                 Normal Approximation 
                                 Z                       -1.4288 
                                 One-Sided Pr <  Z        0.0765 
                                 Two-Sided Pr > |Z|       0.1531 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0782 
                                 Two-Sided Pr > |Z|       0.1563 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               2.0528 
                                 DF                            1 
                                 Pr > Chi-Square          0.1519 
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 ----------------------------------------- QUESTION=Q04 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2003.50        2328.0    132.334027     41.739583 
             2D          48       2652.50        2328.0    132.334027     55.260417 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2003.5000 
 
                                 Normal Approximation 
                                 Z                       -2.4483 
                                 One-Sided Pr <  Z        0.0072 
                                 Two-Sided Pr > |Z|       0.0144 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0081 
                                 Two-Sided Pr > |Z|       0.0162 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               6.0129 
                                 DF                            1 
                                 Pr > Chi-Square          0.0142 
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----------------------------------------- QUESTION=Q05 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2200.50        2328.0    128.160426     45.843750 
             2D          48       2455.50        2328.0    128.160426     51.156250 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2200.5000 
 
                                 Normal Approximation 
                                 Z                       -0.9909 
                                 One-Sided Pr <  Z        0.1609 
                                 Two-Sided Pr > |Z|       0.3217 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.1621 
                                 Two-Sided Pr > |Z|       0.3242 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.9897 
                                 DF                            1 
                                 Pr > Chi-Square          0.3198 
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 ----------------------------------------- QUESTION=Q06 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2000.0        2328.0    126.909002     41.666667 
             2D          48        2656.0        2328.0    126.909002     55.333333 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2000.0000 
 
                                 Normal Approximation 
                                 Z                       -2.5806 
                                 One-Sided Pr <  Z        0.0049 
                                 Two-Sided Pr > |Z|       0.0099 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0057 
                                 Two-Sided Pr > |Z|       0.0114 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               6.6798 
                                 DF                            1 
                                 Pr > Chi-Square          0.0098 
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 ----------------------------------------- QUESTION=Q07 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2213.0        2328.0    124.532811     46.104167 
             2D          48        2443.0        2328.0    124.532811     50.895833 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2213.0000 
 
                                 Normal Approximation 
                                 Z                       -0.9194 
                                 One-Sided Pr <  Z        0.1789 
                                 Two-Sided Pr > |Z|       0.3579 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.1801 
                                 Two-Sided Pr > |Z|       0.3602 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.8528 
                                 DF                            1 
                                 Pr > Chi-Square          0.3558 
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----------------------------------------- QUESTION=Q08 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2392.50        2328.0    133.342456     49.843750 
             2D          48       2263.50        2328.0    133.342456     47.156250 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2392.5000 
 
                                 Normal Approximation 
                                 Z                        0.4800 
                                 One-Sided Pr >  Z        0.3156 
                                 Two-Sided Pr > |Z|       0.6313 
 
                                 t Approximation 
                                 One-Sided Pr >  Z        0.3162 
                                 Two-Sided Pr > |Z|       0.6324 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.2340 
                                 DF                            1 
                                 Pr > Chi-Square          0.6286 
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 ----------------------------------------- QUESTION=Q09 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2000.0        2328.0    131.031856     41.666667 
             2D          48        2656.0        2328.0    131.031856     55.333333 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2000.0000 
 
                                 Normal Approximation 
                                 Z                       -2.4994 
                                 One-Sided Pr <  Z        0.0062 
                                 Two-Sided Pr > |Z|       0.0124 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0071 
                                 Two-Sided Pr > |Z|       0.0142 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               6.2661 
                                 DF                            1 
                                 Pr > Chi-Square          0.0123 
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 ----------------------------------------- QUESTION=Q10 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2193.50        2328.0    131.647856     45.697917 
             2D          48       2462.50        2328.0    131.647856     51.302083 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2193.5000 
 
                                 Normal Approximation 
                                 Z                       -1.0179 
                                 One-Sided Pr <  Z        0.1544 
                                 Two-Sided Pr > |Z|       0.3087 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.1557 
                                 Two-Sided Pr > |Z|       0.3113 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               1.0438 
                                 DF                            1 
                                 Pr > Chi-Square          0.3069 
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 ----------------------------------------- QUESTION=Q11 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2018.0        2328.0    132.522888     42.041667 
             2D          48        2638.0        2328.0    132.522888     54.958333 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2018.0000 
 
                                 Normal Approximation 
                                 Z                       -2.3354 
                                 One-Sided Pr <  Z        0.0098 
                                 Two-Sided Pr > |Z|       0.0195 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0108 
                                 Two-Sided Pr > |Z|       0.0216 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               5.4719 
                                 DF                            1 
                                 Pr > Chi-Square          0.0193 
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 ----------------------------------------- QUESTION=Q12 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2052.0        2328.0    133.183214        42.750 
             2D          48        2604.0        2328.0    133.183214        54.250 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2052.0000 
 
                                 Normal Approximation 
                                 Z                       -2.0686 
                                 One-Sided Pr <  Z        0.0193 
                                 Two-Sided Pr > |Z|       0.0386 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0207 
                                 Two-Sided Pr > |Z|       0.0413 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               4.2946 
                                 DF                            1 
                                 Pr > Chi-Square          0.0382 
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 ----------------------------------------- QUESTION=Q13 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2125.50        2328.0    132.538614     44.281250 
             2D          48       2530.50        2328.0    132.538614     52.718750 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2125.5000 
 
                                 Normal Approximation 
                                 Z                       -1.5241 
                                 One-Sided Pr <  Z        0.0637 
                                 Two-Sided Pr > |Z|       0.1275 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0654 
                                 Two-Sided Pr > |Z|       0.1308 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               2.3343 
                                 DF                            1 
                                 Pr > Chi-Square          0.1265 
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----------------------------------------- QUESTION=Q14 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2393.0        2328.0    132.785700     49.854167 
             2D          48        2263.0        2328.0    132.785700     47.145833 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2393.0000 
 
                                 Normal Approximation 
                                 Z                        0.4857 
                                 One-Sided Pr >  Z        0.3136 
                                 Two-Sided Pr > |Z|       0.6271 
 
                                 t Approximation 
                                 One-Sided Pr >  Z        0.3141 
                                 Two-Sided Pr > |Z|       0.6283 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.2396 
                                 DF                            1 
                                 Pr > Chi-Square          0.6245 
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 ----------------------------------------- QUESTION=Q15 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2258.50        2328.0    129.629431     47.052083 
             2D          48       2397.50        2328.0    129.629431     49.947917 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2258.5000 
 
                                 Normal Approximation 
                                 Z                       -0.5323 
                                 One-Sided Pr <  Z        0.2973 
                                 Two-Sided Pr > |Z|       0.5945 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.2979 
                                 Two-Sided Pr > |Z|       0.5958 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.2875 
                                 DF                            1 
                                 Pr > Chi-Square          0.5919 
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----------------------------------------- QUESTION=Q16 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2148.50        2328.0    133.104470     44.760417 
             2D          48       2507.50        2328.0    133.104470     52.239583 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2148.5000 
 
                                 Normal Approximation 
                                 Z                       -1.3448 
                                 One-Sided Pr <  Z        0.0893 
                                 Two-Sided Pr > |Z|       0.1787 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0909 
                                 Two-Sided Pr > |Z|       0.1819 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               1.8186 
                                 DF                            1 
                                 Pr > Chi-Square          0.1775 
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 ----------------------------------------- QUESTION=Q17 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2414.0        2328.0    131.429869     50.291667 
             2D          48        2242.0        2328.0    131.429869     46.708333 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2414.0000 
 
                                 Normal Approximation 
                                 Z                        0.6505 
                                 One-Sided Pr >  Z        0.2577 
                                 Two-Sided Pr > |Z|       0.5153 
 
                                 t Approximation 
                                 One-Sided Pr >  Z        0.2585 
                                 Two-Sided Pr > |Z|       0.5169 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.4282 
                                 DF                            1 
                                 Pr > Chi-Square          0.5129 
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----------------------------------------- QUESTION=Q18 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2515.50        2328.0    131.023662     52.406250 
             2D          48       2140.50        2328.0    131.023662     44.593750 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2515.5000 
 
                                 Normal Approximation 
                                 Z                        1.4272 
                                 One-Sided Pr >  Z        0.0768 
                                 Two-Sided Pr > |Z|       0.1535 
 
                                 t Approximation 
                                 One-Sided Pr >  Z        0.0784 
                                 Two-Sided Pr > |Z|       0.1568 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               2.0479 
                                 DF                            1 
                                 Pr > Chi-Square          0.1524 
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 ----------------------------------------- QUESTION=Q19 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2078.0        2328.0    131.023662     43.291667 
             2D          48        2578.0        2328.0    131.023662     53.708333 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2078.0000 
 
                                 Normal Approximation 
                                 Z                       -1.9042 
                                 One-Sided Pr <  Z        0.0284 
                                 Two-Sided Pr > |Z|       0.0569 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0300 
                                 Two-Sided Pr > |Z|       0.0599 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               3.6407 
                                 DF                            1 
                                 Pr > Chi-Square          0.0564 
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 ----------------------------------------- QUESTION=Q20 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2500.50        2328.0    130.536867     52.093750 
             2D          48       2155.50        2328.0    130.536867     44.906250 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2500.5000 
 
                                 Normal Approximation 
                                 Z                        1.3176 
                                 One-Sided Pr >  Z        0.0938 
                                 Two-Sided Pr > |Z|       0.1876 
 
                                 t Approximation 
                                 One-Sided Pr >  Z        0.0954 
                                 Two-Sided Pr > |Z|       0.1908 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               1.7463 
                                 DF                            1 
                                 Pr > Chi-Square          0.1863 
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 ----------------------------------------- QUESTION=Q21 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2081.50        2328.0    128.439541     43.364583 
             2D          48       2574.50        2328.0    128.439541     53.635417 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2081.5000 
 
                                 Normal Approximation 
                                 Z                       -1.9153 
                                 One-Sided Pr <  Z        0.0277 
                                 Two-Sided Pr > |Z|       0.0555 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0292 
                                 Two-Sided Pr > |Z|       0.0585 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               3.6833 
                                 DF                            1 
                                 Pr > Chi-Square          0.0550 
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 ----------------------------------------- QUESTION=Q22 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2417.50        2328.0    130.242850     50.364583 
             2D          48       2238.50        2328.0    130.242850     46.635417 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2417.5000 
 
                                 Normal Approximation 
                                 Z                        0.6833 
                                 One-Sided Pr >  Z        0.2472 
                                 Two-Sided Pr > |Z|       0.4944 
 
                                 t Approximation 
                                 One-Sided Pr >  Z        0.2480 
                                 Two-Sided Pr > |Z|       0.4961 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.4722 
                                 DF                            1 
                                 Pr > Chi-Square          0.4920 
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 ----------------------------------------- QUESTION=Q23 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2221.50        2328.0    128.628228     46.281250 
             2D          48       2434.50        2328.0    128.628228     50.718750 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2221.5000 
 
                                 Normal Approximation 
                                 Z                       -0.8241 
                                 One-Sided Pr <  Z        0.2049 
                                 Two-Sided Pr > |Z|       0.4099 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.2060 
                                 Two-Sided Pr > |Z|       0.4120 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.6855 
                                 DF                            1 
                                 Pr > Chi-Square          0.4077 
 
 326
 ----------------------------------------- QUESTION=Q24 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48        2266.0        2328.0    127.487461     47.208333 
             2D          48        2390.0        2328.0    127.487461     49.791667 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2266.0000 
 
                                 Normal Approximation 
                                 Z                       -0.4824 
                                 One-Sided Pr <  Z        0.3148 
                                 Two-Sided Pr > |Z|       0.6295 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.3153 
                                 Two-Sided Pr > |Z|       0.6306 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.2365 
                                 DF                            1 
                                 Pr > Chi-Square          0.6267 
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----------------------------------------- QUESTION=Q25 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2143.50        2328.0    129.010159     44.656250 
             2D          48       2512.50        2328.0    129.010159     52.343750 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2143.5000 
 
                                 Normal Approximation 
                                 Z                       -1.4262 
                                 One-Sided Pr <  Z        0.0769 
                                 Two-Sided Pr > |Z|       0.1538 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0785 
                                 Two-Sided Pr > |Z|       0.1571 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               2.0452 
                                 DF                            1 
                                 Pr > Chi-Square          0.1527 
 
 328
 ----------------------------------------- QUESTION=Q26 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2325.50        2328.0    127.491919     48.447917 
             2D          48       2330.50        2328.0    127.491919     48.552083 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2325.5000 
 
                                 Normal Approximation 
                                 Z                       -0.0157 
                                 One-Sided Pr <  Z        0.4937 
                                 Two-Sided Pr > |Z|       0.9875 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.4938 
                                 Two-Sided Pr > |Z|       0.9875 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               0.0004 
                                 DF                            1 
                                 Pr > Chi-Square          0.9844 
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 ----------------------------------------- QUESTION=Q27 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       2165.50        2328.0    127.560264     45.114583 
             2D          48       2490.50        2328.0    127.560264     51.885417 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             2165.5000 
 
                                 Normal Approximation 
                                 Z                       -1.2700 
                                 One-Sided Pr <  Z        0.1020 
                                 Two-Sided Pr > |Z|       0.2041 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.1036 
                                 Two-Sided Pr > |Z|       0.2072 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               1.6228 
                                 DF                            1 
                                 Pr > Chi-Square          0.2027 
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 ----------------------------------------- QUESTION=Q28 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       1946.50        2328.0    125.000547     40.552083 
             2D          48       2709.50        2328.0    125.000547     56.447917 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                 Statistic             1946.5000 
 
                                 Normal Approximation 
                                 Z                       -3.0480 
                                 One-Sided Pr <  Z        0.0012 
                                 Two-Sided Pr > |Z|       0.0023 
 
                                 t Approximation 
                                 One-Sided Pr <  Z        0.0015 
                                 Two-Sided Pr > |Z|       0.0030 
 
                            Z includes a continuity correction of 0.5. 
 
 
                                       Kruskal-Wallis Test 
 
                                 Chi-Square               9.3146 
                                 DF                            1 
                                 Pr > Chi-Square          0.0023 
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 ----------------------------------------- QUESTION=Q29 ------------------------------------------ 
 
                                     The NPAR1WAY Procedure 
 
                       Wilcoxon Scores (Rank Sums) for Variable RESPONSE 
                                 Classified by Variable VISUAL 
 
                                   Sum of      Expected       Std Dev          Mean 
             VISUAL       N        Scores      Under H0      Under H0         Score 
             ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
             3D          48       1999.50        2328.0    130.785803     41.656250 
             2D          48       2656.50        2328.0    130.785803     55.343750 
 
                               Average scores were used for ties. 
 
 
                                    Wilcoxon Two-Sample Test 
 
                                Statistic              1999.5000 
 
                                Normal Approximation 
                                Z                        -2.5079 
                                One-Sided Pr <  Z         0.0061 
                                Two-Sided Pr > |Z|        0.0121 
 
                                t Approximation 
                                One-Sided Pr <  Z         0.0069 
                                Two-Sided Pr > |Z|        0.0138 
 
                           Z includes a continuity correction of 0.5. 
 
 
                                      Kruskal-Wallis Test 
 
                                Chi-Square                6.3088 
                                DF                             1 
                                Pr > Chi-Square           0.0120 
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Appendix E15a: Fidelity Study – Subjective Response Analysis on Graphic Fidelity – Means 
 
 
----------------------------------------- QUESTION=Q01 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       4.0208333       0.6992270       2.0000000       5.0000000 
 
    3D            48      48       3.2083333       1.2875564       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q02 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.5625000       0.9432008       2.0000000       5.0000000 
 
    3D            48      48       2.9583333       1.1661600       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q03 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.8958333       0.7216878       2.0000000       5.0000000 
 
    3D            48      48       3.6041667       1.0050846       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q04 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.4375000       1.0897247       2.0000000       5.0000000 
 
    3D            48      48       2.8125000       1.1967376       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q05 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.7916667       0.8741764       2.0000000       5.0000000 
 
    3D            48      48       3.5208333       1.1483491       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q06 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       4.1041667       0.7784213       2.0000000       5.0000000 
 
    3D            48      48       3.5000000       1.1850128       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q07 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       4.0833333       0.7096098       3.0000000       5.0000000 
 
    3D            48      48       3.9375000       0.7265848       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q08 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       2.8750000       1.2985262       1.0000000       5.0000000 
 
    3D            48      48       3.0000000       1.3526963       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q09 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.9166667       1.0883001       1.0000000       5.0000000 
 
    3D            48      48       3.3750000       1.1415741       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
 
 335
 ----------------------------------------- QUESTION=Q10 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.8125000       1.0448710       2.0000000       5.0000000 
 
    3D            48      48       3.5416667       1.2020963       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q11 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.6041667       1.1437077       1.0000000       5.0000000 
 
    3D            48      48       2.9791667       1.3126161       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q12 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.5208333       1.1848257       1.0000000       5.0000000 
 
    3D            48      48       2.9583333       1.3201923       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q13 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.6875000       1.2231151       1.0000000       5.0000000 
 
    3D            48      48       3.2708333       1.3327237       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q14 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       2.8333333       1.2261917       1.0000000       5.0000000 
 
    3D            48      48       2.9583333       1.2196674       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q15 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.5416667       1.1661600       1.0000000       5.0000000 
 
    3D            48      48       3.4375000       1.1280986       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q16 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.4166667       1.2854891       1.0000000       5.0000000 
 
    3D            48      48       3.0625000       1.2949369       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q17 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.0416667       1.0710570       1.0000000       5.0000000 
 
    3D            48      48       3.2083333       1.1477700       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q18 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       2.0416667       0.9215697       1.0000000       4.0000000 
 
    3D            48      48       2.5208333       1.3836366       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q19 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       2.3958333       1.0465665       1.0000000       4.0000000 
 
    3D            48      48       1.9895833       0.9020637       1.0000000       4.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q20 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       2.1041667       0.9048236       1.0000000       4.0000000 
 
    3D            48      48       2.3750000       1.0442344       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q21 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.8750000       0.8154101       2.0000000       5.0000000 
 
    3D            48      48       3.4375000       1.0700219       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q22 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       2.0208333       1.0414716       1.0000000       5.0000000 
 
    3D            48      48       2.2083333       1.1842644       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q23 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.8229167       0.7401091       2.0000000       5.0000000 
 
    3D            48      48       3.6250000       1.0442344       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q24 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       4.1875000       0.8667928       2.0000000       5.0000000 
 
    3D            48      48       4.0416667       1.0305614       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q25 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.8125000       0.6069193       2.0000000       5.0000000 
 
    3D            48      48       3.4583333       1.2196674       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q26 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.9583333       0.7706956       2.0000000       5.0000000 
 
    3D            48      48       3.7083333       1.3520407       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q27 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.6458333       0.5255021       3.0000000       5.0000000 
 
    3D            48      48       3.4395833       1.0889659       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q28 ------------------------------------------ 
 
                                       The MEANS Procedure 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       4.2291667       0.6270357       3.0000000       5.0000000 
 
    3D            48      48       3.6666667       0.9301872       2.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q29 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                   N 
    VISUAL       Obs       N            Mean         Std Dev         Minimum         Maximum 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
    2D            48      48       3.4375000       1.0086066       1.0000000       5.0000000 
 
    3D            48      48       2.8958333       1.0156139       1.0000000       5.0000000 
    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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Appendix E16: Fidelity Study – Subjective Response Means for Graphic and Interface Fidelity Combination 
 
----------------------------------------- QUESTION=Q01 ------------------------------------------ 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.0833333      0.6685579      3.0000000      5.0000000 
 
            H             12     12      3.6666667      0.7784989      2.0000000      5.0000000 
 
            P             12     12      4.0000000      0.7385489      3.0000000      5.0000000 
 
            W             12     12      4.3333333      0.4923660      4.0000000      5.0000000 
 
 3D         D             12     12      2.6666667      1.3706888      1.0000000      5.0000000 
 
            H             12     12      3.0000000      1.3483997      1.0000000      5.0000000 
 
            P             12     12      3.2500000      1.2154311      1.0000000      5.0000000 
 
            W             12     12      3.9166667      0.9962049      2.0000000      5.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q02 ------------------------------------------ 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.5000000      1.0000000      2.0000000      5.0000000 
 
            H             12     12      3.1666667      0.9374369      2.0000000      5.0000000 
 
            P             12     12      3.4166667      0.9962049      2.0000000      5.0000000 
 
            W             12     12      4.1666667      0.5773503      3.0000000      5.0000000 
 
 3D         D             12     12      2.1666667      1.0298573      1.0000000      4.0000000 
 
            H             12     12      2.7500000      0.9653073      1.0000000      4.0000000 
 
            P             12     12      3.2500000      1.0552897      2.0000000      5.0000000 
 
            W             12     12      3.6666667      1.1547005      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q03 ------------------------------------------ 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.9166667      0.6685579      3.0000000      5.0000000 
 
            H             12     12      3.8333333      0.8348471      2.0000000      5.0000000 
 
            P             12     12      3.7500000      0.8660254      2.0000000      5.0000000 
 
            W             12     12      4.0833333      0.5149287      3.0000000      5.0000000 
 
 3D         D             12     12      3.3333333      1.0730867      1.0000000      5.0000000 
 
            H             12     12      3.3333333      0.9847319      2.0000000      5.0000000 
 
            P             12     12      3.6666667      0.7784989      2.0000000      5.0000000 
 
            W             12     12      4.0833333      1.0836247      2.0000000      5.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
----------------------------------------- QUESTION=Q04 ------------------------------------------ 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.3333333      1.0730867      2.0000000      5.0000000 
 
            H             12     12      3.0000000      1.0444659      2.0000000      5.0000000 
 
            P             12     12      3.2500000      1.2880570      2.0000000      5.0000000 
 
            W             12     12      4.1666667      0.5773503      3.0000000      5.0000000 
 
 3D         D             12     12      2.0833333      0.9962049      1.0000000      4.0000000 
 
            H             12     12      2.7500000      1.1381804      1.0000000      4.0000000 
 
            P             12     12      3.0000000      1.0444659      1.0000000      5.0000000 
 
            W             12     12      3.4166667      1.3113722      1.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q05 ------------------------------------------ 
                                Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.8333333      0.8348471      2.0000000      5.0000000 
 
            H             12     12      3.2500000      0.8660254      2.0000000      4.0000000 
 
            P             12     12      3.7500000      0.8660254      2.0000000      5.0000000 
 
            W             12     12      4.3333333      0.6513389      3.0000000      5.0000000 
 
 3D         D             12     12      2.7500000      1.3568011      1.0000000      5.0000000 
 
            H             12     12      3.3333333      1.3026779      1.0000000      5.0000000 
 
            P             12     12      4.0833333      0.6685579      3.0000000      5.0000000 
 
            W             12     12      3.9166667      0.6685579      3.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q06 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.0000000      0.7385489      2.0000000      5.0000000 
 
            H             12     12      3.8333333      0.7177406      3.0000000      5.0000000 
 
            P             12     12      4.3333333      0.6513389      3.0000000      5.0000000 
 
            W             12     12      4.2500000      0.9653073      2.0000000      5.0000000 
 
 3D         D             12     12      2.5000000      1.1677484      1.0000000      4.0000000 
 
            H             12     12      3.4166667      1.3113722      1.0000000      5.0000000 
 
            P             12     12      3.7500000      0.7537784      2.0000000      5.0000000 
 
            W             12     12      4.3333333      0.6513389      3.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q07 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.9166667      0.7929615      3.0000000      5.0000000 
 
            H             12     12      4.0000000      0.6030227      3.0000000      5.0000000 
 
            P             12     12      4.0833333      0.7929615      3.0000000      5.0000000 
 
            W             12     12      4.3333333      0.6513389      3.0000000      5.0000000 
 
 3D         D             12     12      3.9166667      0.9003366      2.0000000      5.0000000 
 
            H             12     12      3.6666667      0.6513389      3.0000000      5.0000000 
 
            P             12     12      3.9166667      0.6685579      3.0000000      5.0000000 
 
            W             12     12      4.2500000      0.6215816      3.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q08 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      2.7500000      1.2154311      1.0000000      5.0000000 
 
            H             12     12      3.7500000      1.0552897      2.0000000      5.0000000 
 
            P             12     12      3.2500000      1.3568011      1.0000000      5.0000000 
 
            W             12     12      1.7500000      0.6215816      1.0000000      3.0000000 
 
 3D         D             12     12      3.7500000      1.4847712      1.0000000      5.0000000 
 
            H             12     12      3.7500000      0.9653073      2.0000000      5.0000000 
 
            P             12     12      2.3333333      1.0730867      1.0000000      4.0000000 
 
            W             12     12      2.1666667      1.0298573      1.0000000      4.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 346
----------------------------------------- QUESTION=Q09 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.2500000      0.8660254      2.0000000      5.0000000 
 
            H             12     12      3.0833333      0.9962049      1.0000000      4.0000000 
 
            P             12     12      3.8333333      1.3371158      1.0000000      5.0000000 
 
            W             12     12      4.5000000      0.5222330      4.0000000      5.0000000 
 
 3D         D             12     12      3.5000000      1.2431631      1.0000000      5.0000000 
 
            H             12     12      2.7500000      1.0552897      1.0000000      4.0000000 
 
            P             12     12      3.7500000      1.0552897      2.0000000      5.0000000 
 
            W             12     12      3.5000000      1.0871146      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q10 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.9166667      0.9962049      2.0000000      5.0000000 
 
            H             12     12      3.1666667      1.0298573      2.0000000      5.0000000 
 
            P             12     12      3.5833333      1.0836247      2.0000000      5.0000000 
 
            W             12     12      4.5833333      0.5149287      4.0000000      5.0000000 
 
 3D         D             12     12      3.0000000      1.3483997      1.0000000      5.0000000 
 
            H             12     12      3.0000000      1.1281521      1.0000000      5.0000000 
 
            P             12     12      4.0833333      0.9962049      2.0000000      5.0000000 
 
            W             12     12      4.0833333      0.9003366      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 347
----------------------------------------- QUESTION=Q11 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.7500000      1.1381804      2.0000000      5.0000000 
 
            H             12     12      2.8333333      1.0298573      1.0000000      4.0000000 
 
            P             12     12      3.5000000      1.2431631      2.0000000      5.0000000 
 
            W             12     12      4.3333333      0.6513389      3.0000000      5.0000000 
 
 3D         D             12     12      2.2500000      1.1381804      1.0000000      4.0000000 
 
            H             12     12      2.5833333      1.2401124      1.0000000      5.0000000 
 
            P             12     12      3.5000000      1.3142575      1.0000000      5.0000000 
  
            W             12     12      3.5833333      1.1645002      1.0000000      5.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q12 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.8333333      1.1146409      2.0000000      5.0000000 
 
            H             12     12      2.6666667      0.9847319      1.0000000      4.0000000 
 
            P             12     12      3.4166667      1.3789544      2.0000000      5.0000000 
 
            W             12     12      4.1666667      0.7177406      3.0000000      5.0000000 
 
 3D         D             12     12      2.3333333      1.4354811      1.0000000      5.0000000 
 
            H             12     12      2.4166667      0.9003366      1.0000000      4.0000000 
 
            P             12     12      3.2500000      1.2154311      1.0000000      5.0000000 
 
            W             12     12      3.8333333      1.1934163      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 348
----------------------------------------- QUESTION=Q13 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.0833333      0.9003366      2.0000000      5.0000000 
 
            H             12     12      2.3333333      0.9847319      1.0000000      4.0000000 
 
            P             12     12      3.8333333      0.9374369      2.0000000      5.0000000 
 
            W             12     12      4.5000000      0.9045340      3.0000000      5.0000000 
 
 3D         D             12     12      3.1666667      1.4034589      1.0000000      5.0000000 
 
            H             12     12      2.4166667      1.0836247      1.0000000      5.0000000 
 
            P             12     12      3.3333333      1.3026779      1.0000000      5.0000000 
 
            W             12     12      4.1666667      1.0298573      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q14 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      2.7500000      1.2880570      1.0000000      5.0000000 
 
            H             12     12      3.5000000      0.7977240      2.0000000      5.0000000 
 
            P             12     12      2.6666667      1.3026779      1.0000000      5.0000000 
 
            W             12     12      2.4166667      1.3113722      1.0000000      5.0000000 
 
 3D         D             12     12      3.9166667      1.1645002      2.0000000      5.0000000 
 
            H             12     12      3.0000000      1.0444659      1.0000000      5.0000000 
 
            P             12     12      2.3333333      0.8876254      1.0000000      4.0000000 
  
            W             12     12      2.5833333      1.2401124      1.0000000      4.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 349
----------------------------------------- QUESTION=Q15 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.0833333      0.7929615      3.0000000      5.0000000 
 
            H             12     12      2.6666667      0.9847319      1.0000000      4.0000000 
 
            P             12     12      3.1666667      1.4668044      1.0000000      5.0000000 
 
            W             12     12      4.2500000      0.4522670      4.0000000      5.0000000 
 
 3D         D             12     12      3.0000000      1.4142136      1.0000000      5.0000000 
 
            H             12     12      3.0000000      1.1281521      1.0000000      5.0000000 
 
            P             12     12      3.7500000      0.9653073      2.0000000      5.0000000 
 
            W             12     12      4.0000000      0.6030227      3.0000000      5.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q16 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.5000000      1.3142575      1.0000000      5.0000000 
 
            H             12     12      2.7500000      0.9653073      1.0000000      4.0000000 
 
            P             12     12      3.3333333      1.6143298      1.0000000      5.0000000 
 
            W             12     12      4.0833333      0.9003366      3.0000000      5.0000000 
 
 3D         D             12     12      1.9166667      0.9962049      1.0000000      3.0000000 
 
            H             12     12      2.8333333      1.1146409      1.0000000      5.0000000 
 
            P             12     12      3.7500000      1.2154311      2.0000000      5.0000000 
 
            W             12     12      3.7500000      0.9653073      3.0000000      5.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 350
----------------------------------------- QUESTION=Q17 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      2.7500000      1.2880570      1.0000000      5.0000000 
 
            H             12     12      3.4166667      0.9003366      2.0000000      5.0000000 
 
            P             12     12      3.0000000      1.1281521      1.0000000      4.0000000 
 
            W             12     12      3.0000000      0.9534626      1.0000000      4.0000000 
 
 3D         D             12     12      3.0000000      1.0444659      1.0000000      4.0000000 
 
            H             12     12      3.1666667      1.1934163      1.0000000      5.0000000 
 
            P             12     12      3.0833333      1.3113722      1.0000000      5.0000000 
  
            W             12     12      3.5833333      1.0836247      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q18 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      1.5000000      0.6741999      1.0000000      3.0000000 
 
            H             12     12      2.5000000      0.9045340      1.0000000      4.0000000 
 
            P             12     12      1.5833333      0.6685579      1.0000000      3.0000000 
 
            W             12     12      2.5833333      0.9003366      1.0000000      4.0000000 
 
 3D         D             12     12      1.7500000      0.9653073      1.0000000      4.0000000 
 
            H             12     12      2.9166667      1.2401124      1.0000000      5.0000000 
 
            P             12     12      2.0833333      1.3113722      1.0000000      4.0000000 
 
            W             12     12      3.3333333      1.4974726      1.0000000      5.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 351
----------------------------------------- QUESTION=Q19 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      2.1666667      1.1934163      1.0000000      4.0000000 
 
            H             12     12      2.6666667      1.0730867      1.0000000      4.0000000 
 
            P             12     12      2.5000000      0.9045340      1.0000000      4.0000000 
 
            W             12     12      2.2500000      1.0552897      1.0000000      4.0000000 
 
 3D         D             12     12      1.9583333      0.8649312      1.0000000      3.0000000 
 
            H             12     12      2.1666667      0.9374369      1.0000000      4.0000000 
 
            P             12     12      2.0000000      1.0444659      1.0000000      4.0000000 
 
            W             12     12      1.8333333      0.8348471      1.0000000      3.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q20 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      1.8333333      0.7177406      1.0000000      3.0000000 
 
            H             12     12      2.4166667      0.9003366      1.0000000      4.0000000 
 
            P             12     12      2.2500000      0.9653073      1.0000000      4.0000000 
 
            W             12     12      1.9166667      0.9962049      1.0000000      4.0000000 
 
 3D         D             12     12      2.0000000      1.1281521      1.0000000      4.0000000 
 
            H             12     12      2.9166667      1.1645002      1.0000000      5.0000000 
 
            P             12     12      2.1666667      0.9374369      1.0000000      4.0000000 
 
  D         W             12     12      2.4166667      0.7929615      1.0000000      3.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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 ----------------------------------------- QUESTION=Q21 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.3333333      0.6513389      3.0000000      5.0000000 
 
            H             12     12      3.2500000      0.7537784      2.0000000      4.0000000 
 
            P             12     12      3.8333333      0.7177406      3.0000000      5.0000000 
 
            W             12     12      4.0833333      0.7929615      3.0000000      5.0000000 
 
 3D         D             12     12      3.5833333      1.0836247      1.0000000      5.0000000 
 
            H             12     12      3.0833333      1.1645002      1.0000000      5.0000000 
 
            P             12     12      3.5000000      1.0871146      1.0000000      5.0000000 
 
            W             12     12      3.5833333      0.9962049      1.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q22 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      1.6666667      0.8876254      1.0000000      3.0000000 
 
            H             12     12      2.7500000      0.9653073      2.0000000      5.0000000 
 
            P             12     12      2.1666667      1.1934163      1.0000000      4.0000000 
 
            W             12     12      1.5000000      0.6741999      1.0000000      3.0000000 
 
 3D         D             12     12      2.6666667      1.4354811      1.0000000      5.0000000 
 
            H             12     12      2.5833333      1.1645002      1.0000000      4.0000000 
 
            P             12     12      1.8333333      1.1146409      1.0000000      4.0000000 
 
            W             12     12      1.7500000      0.7537784      1.0000000      3.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
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----------------------------------------- QUESTION=Q23 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.8333333      0.7177406      3.0000000      5.0000000 
 
            H             12     12      3.8750000      0.6077155      3.0000000      5.0000000 
 
            P             12     12      3.7500000      0.8660254      2.0000000      5.0000000 
 
            W             12     12      3.8333333      0.8348471      2.0000000      5.0000000 
 
 3D         D             12     12      3.7500000      1.0552897      2.0000000      5.0000000 
 
            H             12     12      3.4166667      1.1645002      2.0000000      5.0000000 
 
            P             12     12      3.6666667      0.9847319      2.0000000      5.0000000 
 
            W             12     12      3.6666667      1.0730867      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q24 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.0833333      0.9003366      2.0000000      5.0000000 
 
            H             12     12      4.1666667      0.7177406      3.0000000      5.0000000 
 
            P             12     12      4.1666667      0.9374369      2.0000000      5.0000000 
 
            W             12     12      4.3333333      0.9847319      2.0000000      5.0000000 
 
 3D         D             12     12      4.0000000      1.1281521      2.0000000      5.0000000 
 
            H             12     12      3.8333333      1.1146409      2.0000000      5.0000000 
 
            P             12     12      4.1666667      0.9374369      2.0000000      5.0000000 
 
            W             12     12      4.1666667      1.0298573      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
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----------------------------------------- QUESTION=Q25 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.7500000      0.7537784      2.0000000      5.0000000 
 
            H             12     12      3.7500000      0.4522670      3.0000000      4.0000000 
 
            P             12     12      3.9166667      0.5149287      3.0000000      5.0000000 
 
            W             12     12      3.8333333      0.7177406      3.0000000      5.0000000 
 
 3D         D             12     12      3.3333333      1.3706888      1.0000000      5.0000000 
 
            H             12     12      3.5000000      1.1677484      2.0000000      5.0000000 
 
            P             12     12      3.5000000      1.1677484      2.0000000      5.0000000 
 
            W             12     12      3.5000000      1.3142575      1.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q26 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.0000000      0.8528029      2.0000000      5.0000000 
 
            H             12     12      3.8333333      0.5773503      3.0000000      5.0000000 
 
            P             12     12      3.9166667      0.9003366      2.0000000      5.0000000 
 
            W             12     12      4.0833333      0.7929615      3.0000000      5.0000000 
 
 3D         D             12     12      3.5833333      1.5050420      1.0000000      5.0000000 
 
            H             12     12      3.6666667      1.3026779      1.0000000      5.0000000 
 
            P             12     12      3.7500000      1.3568011      1.0000000      5.0000000 
 
            W             12     12      3.8333333      1.4034589      1.0000000      5.0000000 
 Ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
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----------------------------------------- QUESTION=Q27 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.6666667      0.4923660      3.0000000      4.0000000 
 
            H             12     12      3.5833333      0.5149287      3.0000000      4.0000000 
 
            P             12     12      3.5833333      0.5149287      3.0000000      4.0000000 
 
            W             12     12      3.7500000      0.6215816      3.0000000      5.0000000 
 
 3D         D             12     12      3.5833333      1.1645002      1.0000000      5.0000000 
 
            H             12     12      3.2583333      0.9633826      2.0000000      5.0000000 
 
            P             12     12      3.4166667      0.9962049      2.0000000      5.0000000 
 
            W             12     12      3.5000000      1.3142575      1.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
----------------------------------------- QUESTION=Q28 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      4.2500000      0.6215816      3.0000000      5.0000000 
 
            H             12     12      4.2500000      0.4522670      4.0000000      5.0000000 
 
            P             12     12      4.0000000      0.7385489      3.0000000      5.0000000 
 
            W             12     12      4.4166667      0.6685579      3.0000000      5.0000000 
 
 3D         D             12     12      3.8333333      0.8348471      2.0000000      5.0000000 
 
            H             12     12      3.4166667      1.0836247      2.0000000      5.0000000 
 
            P             12     12      3.8333333      0.8348471      2.0000000      5.0000000 
 
            W             12     12      3.5833333      0.9962049      2.0000000      5.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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----------------------------------------- QUESTION=Q29 ------------------------------------------ 
 
                                 Analysis Variable : RESPONSE 
 
                           N 
 VISUAL     INTERFACE    Obs      N           Mean        Std Dev        Minimum        Maximum 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 2D         D             12     12      3.3333333      1.1547005      1.0000000      5.0000000 
 
            H             12     12      3.2500000      0.8660254      2.0000000      5.0000000 
 
            P             12     12      3.7500000      1.1381804      1.0000000      5.0000000 
 
            W             12     12      3.4166667      0.9003366      2.0000000      5.0000000 
 
 3D         D             12     12      3.2500000      1.1381804      1.0000000      5.0000000 
 
            H             12     12      2.5833333      0.9962049      1.0000000      4.0000000 
 
            P             12     12      2.8333333      0.9374369      1.0000000      4.0000000 
    
            W             12     12      2.9166667      0.9962049      1.0000000      4.0000000 
 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
Appendix E17: Fidelity Study – Subjective Response Interaction Modality Condition – 
LSD Analysis 
 
Question 1 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 55
Projector 24 60
Window VR 24 71.5
HMD 24 53.5
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.208333 0.6875 0.0625 
Projector   0.479167 0.270833 
Window VR    0.75 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not maybe not maybe not 
Projector   maybe not maybe not 
Window VR    different 
HMD     
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Question 2 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 48
Projector 24 62
Window VR 24 78.5
HMD 24 51.5
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.583333 1.270833 0.145833 
Projector   0.6875 0.4375 
Window VR    1.125 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   maybe not maybe not 
Window VR    different 
HMD     
 359
Question 3 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 58
Projector 24 58
Window VR 24 71.5
HMD 24 52.5
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0 0.5625 0.229167 
Projector   0.5625 0.229167 
Window VR    0.791667 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not maybe not maybe not 
Projector   maybe not maybe not 
Window VR    different 
HMD     
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Question 4 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 50.5
Projector 24 59
Window VR 24 78
HMD 24 52.5
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.354167 1.145833 0.083333 
Projector   0.791667 0.270833 
Window VR    1.0625 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   different maybe not 
Window VR    different 
HMD     
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Question 5 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 53
Projector 24 66.5
Window VR 24 71.5
HMD 24 49
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435
Projector   0.730435 0.730435
Window VR    0.730435
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.5625 0.770833 0.166667
Projector   0.208333 0.729167
Window VR    0.9375
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   maybe not maybe not 
Window VR    different 
HMD     
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Question 6 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 48
Projector 24 65.5
Window VR 24 73.5
HMD 24 53
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.729167 1.0625 0.208333 
Projector   0.333333 0.520833 
Window VR    0.854167 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   maybe not maybe not 
Window VR    different 
HMD     
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Question 7 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 57.5
Projector 24 60
Window VR 24 70.5
HMD 24 52
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.104167 0.541667 0.229167 
Projector   0.4375 0.333333 
Window VR    0.770833 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not maybe not maybe not 
Projector   maybe not maybe not 
Window VR    different 
HMD     
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Question 8 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 66
Projector 24 54.5
Window VR 24 41
HMD 24 78.5
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.479167 1.041667 0.520833 
Projector   0.5625 1 
Window VR    1.5625 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   maybe not different 
Window VR    different 
HMD     
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Question 9 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 63.5
Projector 24 65.5
Window VR 24 69
HMD 24 42
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.083333 0.229167 0.895833 
Projector   0.145833 0.979167 
Window VR    1.125 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not maybe not different 
Projector   maybe not different 
Window VR    different 
HMD     
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Question 10 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 55
Projector 24 64.5
Window VR 24 78
HMD 24 42.5
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.395833 0.958333 0.520833 
Projector   0.5625 0.916667 
Window VR    1.479167 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   maybe not different 
Window VR    different 
HMD     
 367
Question 11 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 51
Projector 24 67
Window VR 24 76
HMD 24 46
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435 
Projector   0.730435 0.730435 
Window VR    0.730435 
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.666667 1.041667 0.208333 
Projector   0.375 0.875 
Window VR    1.25 
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   maybe not different 
Window VR    different 
HMD     
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Question 12 
 
• Rank observations from k treatments separately within each of the b 
blocks. 
 
• All pairs of rank means are compared. Two treatments are declared 
different if: 
 
Treatment Number Sum of ranks 
Desktop 24 56.5
Projector 24 65.5
Window VR 24 75.5
HMD 24 42.5
 
LSD Value Desktop Projector Window VR HMD 
Desktop  0.730435 0.730435 0.730435
Projector   0.730435 0.730435
Window VR    0.730435
HMD     
 
|Ri – Rj| Desktop Projector Window VR HMD 
Desktop  0.375 0.791667 0.583333
Projector   0.416667 0.958333
Window VR    1.375
HMD     
 
Different? Desktop Projector Window VR HMD 
Desktop  maybe not different maybe not 
Projector   maybe not different 
Window VR    different 
HMD     
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